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The solid chrome on Perfect Circle 2-in-1 rings is 
25 times thicker than the chrome plating on an 
automobile bumper. 

This thicker chrome means thousands of extra 
miles of full power and oil control. And, PC rings go 
through a special lapping process that virtually 
eliminates tedious break-in. 

Whatever the service, Perfect Circle rings are built 
to take it. Always specify Perfect Circles—preferred 


for original equipment and replacement everywhere. 


PERFECT 2. CIRCLE 


PISTON RINGS - PRECISION CASTINGS - POWER SERVICE PRODUCTS - SPEEDOSTAT 
HAGERSTOWN, INDIANA. DON MILLS, ONTARIO, CANADA 
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Future car changes will be exciting 


Need for diversity, as well as low production costs, presents great prob- 
lems to American automobile designers as they attack their 1960-1970 
design programs. We must learn to produce interchangeable compo- 
nents in large volume . . . and to make a variety of vehicles from these 
components. — Victor G. Raviolo 


Filtration vital for hydraulic systems ........ 29 


The hydraulic system of today is a far cry from that of ten years ago. 
And the advances in design make it imperative to use filtration to get 
overall high performance. Nine factors spelling out this need are listed. 
(Paper No. 223C) — Legrand E. Terry 


1961 passenger-car engineering trends 


Engineering of American cars is changing just as rapidly as the pas- 
senger-car market is changing. In many respects, today’s engineering 
changes are as unpredictable as today’s market changes relates this arti- 
cle, written especially for SAE Journal readers at the request of and with 
the cooperation of the SAE Passenger-Car Activity Committee and the 
SAE Body Activity Committee. — Walter G. Patton 


Turbines more reliable than piston engines ..... 49 


Turbine performance in airline service has been excellent and has in- 
creased the safety and reliability of operation. Turbines are by no means 
perfect but even with their deficiencies, which are in process of being 
corrected, they have exceeded the expectation of operators. — T. J. Harris 


Plasma engine looks good for space travel 


The first application of electrical propulsion in space may involve the 
use of a small plasma engine to help to stabilize a communication satel- 
lite or change its orientation. After that would come larger units for 
orbital transfer and, finally, engines for planetary travel. (Paper No. 
185B) — S. W. Kash 


How to design gears to resist failure 53 


A gear design must provide sufficient strength to resist bending fa- 
tigue; compressive failure; scoring; and splitting of planet pinions under 
high load. (Paper No. 208C) — Evan L. Jones 


Radioisotopes check machining operations 56 


Radioisotopes are controlling the contour of screw threads, measuring 
dimensions, and locating internal cuts in the machine shop. (Paper No. 
181C) — J. H. Tolan 


Surface ignition causes probed cis a 


Surface ignition — or the burning of a fuel-air mixture on contact 
with a hot surface in the combustion chamber — will occur when the 
following conditions are met simultaneously: mixture is heated to above 
its ignition temperature; mixture composition is within the limits of in- 
flammability. (Paper No. 201A) —F. W. Bowditch and T. C. Yu 
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Peak end-gas temperatures measured 62 


Engine end-gas temperatures can be measured with reasonable accu- 
racy by the two-wavelength infrared emission method. This method 
may give the most significant results for knock studies. ‘(Paper No. 
201D) — W. G. Agnew 


Air toilets challenge to designers’ ingenuity 67 


The toilet system installed in the Douglas DC-8 is a fine example of 
the problems of design, testing, development, and service-debugging of a 
complex system in a modern airplane. (Paper No. 229B) — Harold W. 
Adams 


Computer predicts car acceleration 68 


Ford uses computers to predict car acceleration in 95% less time than 
previous hand solutions. New method cuts down on the repetitive process 
of design, build, and test previously required. ‘(Paper No. 196B) — 
Henry L. Setz 


Developing car tires for 500-mph speeds 75 


To develop tires to carry a car at 500 mph, three things are needed: 
materials with strength adequate to withstand the high centrifugal forces, 
a proved design, and facilities for evaluating the tires before they go on 
the vehicle. (Paper No. S249) — E. W. McMannis 


Positive gas sealing with flared fittings 77 


Present AN-type fittings don’t always do a positive sealing job because 
the sleeve and nut maximum allowable stresses are reached before yield- 
ing occurs at the seal point, research to Convair show. A possible solu- 
tion to the problem is an MS 21921 modified sleeve and nut.—C. M. 
Richards 


Momentum exchange silencers cut jet noise 80 


Momentum exchange silencers have cut jet noise up to 20 db during 
tests conducted by Curtiss-Wright. Scale model test data exhibited 
peak-to-peak attenuation of 20 db along maximum exhaust noise azi- 
muths at a nozzle pressure ratio of 3.1. ‘(Paper No. 162A) — Emanuei 
J. Stringas 


Blow-molding, thermoforming for plastics 88 


The usual fabricating techniques for plastics are injection molding, 
blow molding, and thermoforming. Blow molding and thermoforming 
are both low pressure processes, that is less than 100 psi. Consequently, 
molds can be made from cast aluminum Kirksite, or thermosetting plas- 
tics, such as cast epoxies. Molds cost from 1/5 to 1/10 as much as com- 
parable ones for injection molding. — J. H. Versteeg 


New John Deere tractors 92 


John Deere’s new line of tractors comprises four model series and 
marks discontinuance of three features which had been characteristic of 
Deere models since the early ’20s. Discontinued are: the 2-cyl engine: 
the Otto-cycle distillate-burning engine; and the practice of mounting 
the engine horizontally with the crankshaft parallel to the rear-axle 
shaft. (Paper No. 225B) — Merlin Hansen 
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PRODUCT [INFORMATION 


NEW LAND-RIDING SEAL 
(Pressed) and SENTRI-SEAL 


This exclusive seal combination is avail- 
able in N /D’s new heavy-duty conveyor ball 
bearings. Land-Riding seals, especially 
resistant fo moist contaminant penetra- 
tion, are available separately in N/D’s 
bearings for hay rake tine bar, plow, 
hiller and coulter applications. Tandem 
seal arrangements are also available. 


NEW SENTRI-SEAL 
aes a ee seal . aide aoeas 
and sal ube ow H/D bal bearings. 


contaminant conditions as found in light 
duty discs, idler pulleys, cam f 


NEW LAND-RIDING SEAL (Crimped) 


N/D’s newest seal design. Efficient single lip, low- 
torque seal = against moist or dry con- 
taminants. Retains bearing lubricant-for-life. 
Recommended for farm implement discs, idler 
pulleys, wheels and similar applications. Available 
also with metal trash guards to protect seal against 
mechanical damage from trash windings. 


) 
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NEW DOUBLE "O” SEAL 


N/D's most original seal design, used in fan and 
water pump bearings where water seepage is 
prime source of bearing contamination. Synthetic 
rubber seal rides smooth shaft 0.D., offers reliable 
low-torque sealing and eliminates _relubrication. 


‘ollowers, 
implement wheels, adapter bearings and 
similar applications. 
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NEW TRIPLE LIP SEAL 


N/O’s most rugged seal . . . used where 
moist and dry contaminant conditions 
are most severe. Seal eliminates relu- 
brication maintenance. It's available in 
N/D square and round bore ball bearings 
with either spherical or cylindrical 0.D.’s. 


ép /niroduces & New Integral Ball Bearing Seals/ 


Now, New Departure offers a versatile line of new 
integral seals for N/D precision ball bearings. Each 
N/D seal is engineered to retain bearing lubricant 
for life . . . and offer maintenance-free service. These 
seals are designed to give manufacturers a broad 
selection to choose from for a specific application. 


Modern design N/D seals are made of synthetic 
rubber with supporting steel components for precise 


hr 
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control of sealing lip flexibility and torque. What- 
ever the application, you’ll find an N/D integral 
seal and ball bearing to fit it. All seals are available 
in popular sizes of New Departure ball bearings. 


Write today for N/D’s Integral Seal Bulletin. For 
detailed information, contact the N/D Sales Engi- 
neer in your area. New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 
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BALL BEARINGS 
proved reliability you can build around 
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FIRST CHOICE FOR 
GREATER FRONT END 
STABILITY... 


TIMKEN-DETROIT® 


-world’s most complete 
line of front axles! 


You get these three important advantages 
eT when your vehicles or equipment ride on 
; Timken-Detroit F-900 Series Front Axles by 

Rockwell-Standard. 

Ae Whatever you operate — from light com- 
CLL ae mercial vehicles to the heaviest off-high- 
way equipment —there is an exact size and 
type of F-900 Series Front Axle to meet your 
need. 

Superior design and construction fea- 
tures assure better performance under all 
conditions. These improved front axles re- 
duce driver fatigue . .. make steering easier 
..- hold the driving path better . . . help to 
prolong vehicle life. 

In addition to the F-900 Series Axles, the 
following two new front axles are available 
from Rockwell-Standard. Each is the prod- 
uct of more than 50 years of field testing 
and laboratory research. 


Ager hes 


elaraete 
1-1 aol 


“Center Point” Steer Front 

Axles give either on-highway 

or off-highway vehicles the 
Tandem Front Steering Axles provide two non-driving advantages of easy steering 
front axles that increase maneuverability and double without the additional cost 
the front axle carrying capacity on special off-high- penalties of power assistance. 
way vehicles. 


Yhibtter poly. ROCKWELL-STANDARD Re 


CORPORATION 


Transmission and Axle Division, Detroit 32, Michigan 
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Turbofan Engine and its Application 
Versatility, S. M. TAYLOR, C. B. 
BRAME. Paper No. 172A. Principles 
of turbofans and theri possible cycles, 
based on 14-yr studies, carried out by 
Pratt & Whitney Aircraft; comparison 
of jet and turbofan; results of applica- 
tion studies with respect to 4-engine, 
twin-engine, and 3-engine short range 
transport; 4-engine 200,000-lb, 250,000- 
Ib, 300,000-lb, 350,000-lb transport; 
Fleet Air Arm (FAA) climb require- 
ments; present equipment considera- 
tions, cargo airplane, and military ap- 
plications; turbofan improves short 
range transport by extending range 
capability at no penalty in direct op- 
erating cost. 


Aft Fan Engines for Commercial! 
Transport, B. J. GORDON, R. C. 
HAWKINS. Paper No. 172B. Funda- 
mentals of reaction propulsion; basic 
fan parameters; overall engine merit; 
establishment of desired cycle as high 
fan energy input design with bypass 
ratio approaching 2.0 and fan pressure 
ratio less than 2.0; determination of 
best design aproach taking advantage 
of cycle possibilities; aft fan concept, 
adopted by General Electric Co., and 
development of CJ805-23 engine; heart 
of aft fan is “blucket”’, lower or turbine 
bucket half driving upper or compres- 
sor blade portion. 


Man and Space, L. CARLYLE. Pa- 
per No. 173A. Comparison of various 
types of manned flight useful in deter- 
mining functional and volumetric re- 
quirements of human occupant; single 
body size is studied to establish prin- 
ciples for entire functional human en- 
velope; full range of body sizes between 
5th and 95th percentile values (small 
to large) is included in composite en- 
velope; examination of pertinent flight 
factors for short orbit vehicles serving 
as guide for determining appropriate 
envelope; envelope for interplanetary 
vehicles. 


Human Engineering Payoff, J. A. 
MACDONALD. Paper No. 173B. Con- 
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cept adopted by Special Projects 
Branch, Aircraft Laboratory, Wright 
Air Development Div., Ohio, with re- 
spect to area of engineering which pro- 
vides compatibility, efficiency, and 
harmony between aircraft and their 
human occupants and operators, i.e. 
human engineering; paper deals with 
areas of escape systems and compo- 
nents, restraint, sealants, vision, and 
crew station design and arrangement. 


Analysis of V/STOL Vehicles on Pay- 
load-Range Basis, J. H. AYDELOTTE. 
Paper No. 174A. Configurations exam- 
ined for comparative performance are 
tilt wing, tilting ducted engine, heli- 
copter, and unloaded rotor; VTO ca- 
pabilities are of interest in lower pay- 
load-range area and overload STOL 
capability is desired to as much as 10,- 
000 lb payload with 1500 nautical mi 
range; these general areas are selected 
to include wide range of vehicle size 
and performance and overseas ferry 
capability; engine characteristics se- 
lected; design considerations. 


Trends in VTOL Aircraft Propulsion 
System Requirements, J. B. NICHOLS. 
Paper No. 174B. Review of basic VTOL 
types from helicopter to pure jet VTOL 
types; it appears that quantity use of 
VTOL aircraft will tend to be predomi- 
nant in low disk loaded types; promis- 
ing type for exploitation is tilt wing 
type of propelloplane exemplified by 
X-18 aircraft undergoing tests at Hiller 
Aircraft Corp.; development of “inte- 
grated” aircraft, jet flap, and Ring 
Wing, or “Coleopter’; Lift Propulsor 
type, or wingless ‘“Aerodyne” which 
represents pure jet lifter type of VTOL; 
ground effect machines. 


High Energy Absorption Landing 
Gear for VTOL Aircraft, C. L. WHAR- 
TON, Jr. Paper No. 174C. Low speed 
flight regime as it applies to jet pow- 
ered, VTOL, high performance aircraft 
is presented in comparison to similar 
zones existing for present day rotor- 
craft; safety aspects of operation 
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within this zone and methods of in- 
creasing landing capability; by utiliz- 
ing high energy absorption, landing 
gear, proposed by Lockheed Aircraft 
Corp., power failure altitude capability 
above terrain can be increased to such 
extent that aircraft can operate with- 
out traversing extreme caution zone; 
design considerations. 


Lifeboats for Astronauts, J. G. 
LOWRY, F. M. ROGALLO. Paper No. 
175C. Lifeboats to provide man with 
device in which he can survive rigors 
of space, and return safely to earth 


from near earth orbits; device similar 
in size and weight to present-day para- 
chute should have low accelerations 
and temperatures during reentry and 
stability, control, and performance re- 
quired; considerations can be satisfied 
with low wing loading lifting reentry 
vehicle; flexible lifting surface concept 
suggested is suggested; data upon 
which suggestion is based; operation of 
emergency descent from orbit. 


Recent High Temperature Bearing 
Developments, J. H. JOHNSON. Pa- 
per No. 176A. On basis of need for 
specific testing; Marlin-Rockwell Corp., 
Jamestown, N. Y., has begun work to 
evaluate performance of bearings sub- 
merged in Oronite 8200 hydraulic fluid 
at 450 F; purpose of program was to 
determine megnitude of derating re- 
quired and to establish measure of 
bearing reliability under specific con- 
ditions of operation; phases of tests 
and results; fluid analysis conducted 
indicates that there is little deteriora- 
tion of Oronite 8200 fluid as lubricant 
under conditions of test. 


Readers’ Information Service 
SAE Papers Available — October 1960 issue 


@ If you would like complete copies (in multilith form) of papers on which 
October SAE Journal articles are based, CIRCLE THE APPROPRIATE 


PAPER NUMBERS in the list below. 
the END of each article. 


$236 174C 185A 
$249 175C 185B 
$258 176A 186A 
162A 176B 186B 
172A 176C 186C 
172B 176D 186D 
172C 177A 187A 
173A 177B 187B 
173B 177C 189A 
173C 178A 189B 
174A 181C 190A 
174B 184C 191A 


192A 
192B 
192C 
192D 
193A 
194A 
194B 
194C 
195A 
195B 
195C 
195D 


PAPER NUMBERS are indicated at 


PRICES are listed below. 


208D 
223C 
225B 
2298 
230H 
241D 
SP-178 
CRC-346 


201D 
201E 
201F 
202A 
203A 
203B 
204A 
2048 
204C 
205A 
205B 
208C 


196A 
196B 
197A 
198A 
199A 
199B 
200A 
2008 
200C 
201A 
201B 
201C 


PRICES: Papers; 50¢ each to mbrs; 75¢ each to nonmbrs. 


SP-178: $3.50 each to mbrs; $7 to nonmbrs. 


CRC-346: $3 each to mbrs; $6 to nonmbrs. 


A complete set of the new and revised reports listed on pages 110-111 may be purchased 
for $3.55 or, individually for 25¢ each with the following exception: AIR 32A which costs 


50¢. 


Minimum order is $1. 


I chicane 


TO: Society of Automotive Engineers, 485 Lexington Ave., New York 17, N.Y. 


PLEASE SEND ME: 


... The SAE Papers and Special Publications whose 


numbers | have circled above. 


.... Check or coupons enclosed 


.... Bill Company .... Bill me 


6 


PLEASE SEND ME: 
... Information about 
the advertisers’ prod- 
ucts and services cir- 
cled on the back of 
this form. 


Recent Developments in High Tem- 
perature Bearings and _ Lubricants, 
P.C. HANLON. Paper No. 176B. Anti- 
friction bearing development, developed 
for military flight vehicles in prototype 
stage and on drawing boards, at Wright 
Air Development Div., Dayton, Ohio, 
comprises airframe bearings, accessory 
bearings, and engine bearings; temper- 
atures range from — 65 to 1200 F; bear- 
ing materials are available that will 
give satisfactory service; lubricants, 
however, are lacking; it appears that 
advance in state-of-art can be achieved 
only by continued concentrated efforts. 


Development Progress on Gas Bear- 
ings for Airborne Accessory Equipment, 
Cc. R. ADAMS. Paper No. 176C. Ex- 
ternally pressurized bearing concept, 
developed at Boeing Airplane Co., is 
based on throttling gas as it leaves 
bearing; advantages of gas bearings 
and use in accessory equipment; hard- 
ware integration and manufacturing 
problems; experimental efforts; devel- 
opment of step bearings and manufac- 
turing techniques; pressure distribution 
tests; modification of step bearings by 
means of oOil-mist operation which 
leaves thin film acting as boundary lu- 
bricant. 


NASA Research on High-Tempera- 
ture Bearing Problem, W. J. ANDER- 
SON, E. E. BISSON. Paper No. 176D. 
Approaches to these problems involve 
various types of lubricants as well as 
different lubrication techniques; paper 
considers problem areas, reviews vari- 
ous approaches and indicates research 
being done by NASA in this field; seven 
types of most promising systems listed. 
25 refs. 


What Makes High Energy Propel- 
lant?, J. D. CLARK. Paper No. 177A. 
Investigation to improve performance 
of propellant or propellant combina- 
tion based on examination of exhaust 
products; undesirable qualities shown 
are presence of carbon and complicated 
(polyatomic) exhaust products; desir- 
able quality giving specific impulse in 
gratifying quantities is system which 
produces large amount of hydrogen, 
plus highly exothermic exhaust gas 
to warm it up, preferably one with 
good R/Cp of its own. 


Design Aspects of Air Breathing 
Booster, W. H. BOND, R. F. MAWHIN- 
NEY. Paper No. 177B. To improve 
cost situation, Convair, San Diego, 
Calif., studied technical and economic 
aspects of large boosters covering pro- 
pulsion systems from conventional 
rockets to advanced air breathing sys- 
tems; analysis shows that useful ve- 
hicle recovery strongly reduces cost; 
increasing velocity increment of re- 
coverable stage becomes increasingly 
attractive as recoverability improves; 
design aspects of air breathing booster: 


continued on p. 116 
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GASOLINE CARBURETERS FOR 


HIGH HORSEPOWE 


FARM TRACTOR AND 
INDUSTRIAL MACHINES 


The new Model USX gasoline carbureter represents a new concept in 
carburetion for farm tractor and industrial engines. Designed to satisfy 
the requirements of new, high-output engines the USX carbureter combines 
a host of new features with time honored principles which have been 
further refined to meet the needs of these modern engines. 


Other features not illustrated at right are: 


* Spring-loaded choke for better warm-up mixture control and less dilution 
of crankcase oil. 


* Stainless-steel throttle shaft which operates on needle bearings for instant 
throttle response and long life. 


* Throttle shaft seals prevent entrance of dirt . . . reduce engine wear and 
oil contamination. 


Power adjustment available on either side of carbureter. 


“‘Nylock"’ idle needle prevents fuel and air seepage. 
WRITE FOR MORE INFORMATION 


MARVEL-SCHEBLER PRODUCTS DIVISION 


BORG-WARNER CORPORATION 
DECATUR, ILLINOIS 
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H ere, from Goodyear, is the finest rim available 
for today’s over-the-road driving needs. 

Called the JOB-MASTER, this new rim gives 
you two important firsts: the first rim designed 
to fit properly all flat-bead tires —the first 
designed to seal out all foreign matter. 

THE JOB-MASTER also provides these worth- 
while and practical advantages: 


Biggest Advance in 


FITS ALL TYPES OF WHEELS — adaptable to disc, 
cast and fabricated wheels. 


LONGER RIM LIFE —seals out water, salt, grit, 
ashes, etc. (Corrosion and erosion reduced to 
absolute minimum.) 

TRUER RUNNING PERFORMANCE-virtually elim- 
inates those old tire foes, “wobble” and “hop”— 
lateral and radial runout. 


Buy and specify RIMS by Tr €p «> [> 
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-Over-the-Road Rim Design 
in lo years 


BETTER BALANCE AND ALIGNMENT—flange-and- 
bead seat are integral piece, insuring concentric 
fit under both beads. 

LONGER UNINTERRUPTED SERVICE—lessens road 
delays, delivers more miles, lowers cost-per-mile. 


Find out now how this long-awaited develop- 
ment can help solve and simplify your rim prob- 
lems. For complete information, write the 


FYEAR 
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Goodyear Rim Sales Engineer. Address: 
Goodyear, Metal Products Division, Akron 16, 
Ohio, or get in touch with your local Goodyear 
Rim Distributor. Remember—lots of good things 
come from Goodyear. 
Send for Free 
Goodyear Rim Catalog— 


8&4 pages of facts 
and pictures on Goodyear’s GoopfsvEaR 


complete line of rims 
for every type of vehicle. - =| 


More tons are carried 
on Goodyear Rims 
than on any other kind 


Job-Master-—T.M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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ag Next time 
your part needs 


special protection 
look to 


treated felts 


ito Awe hibres combine nature's beat; 
with tho laberaterys fatest... 


They repel water, stop rust, reduce friction, resist 


abrasion, stand 300° F. heat or —65° F. cold. - 
¥ Hard or soft, their wondrous interlocking fibers 

go on flexing, filtering, wicking or wiping long 
| after other materials break down. 


For big products and small, Western Felt has 
specialists in coated and impregnated 
felts ready to assist you. 


Write for our free sample brochure 
of Treated Felts. 


WESTERN 


Dept. S 


4021-4139 Ogden Ave. AG 
Chicago 23 


Branches in Principal Cities WORKS j 


MANUFACTURERS AND CUTTERS OF WOOL FELTS AND SYNTHETIC RUBBER 
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ts i Presenting! 


NATIONAL BUD UNITIZED 


TRADE MARK 


Flanges, if desired, are available to 
simplify positioning and removal 


~ 
/ 








National BUD UNITIZED has integral wear ring presenting 
rubber surface to shaft. Wear ring turns with shaft, 
sealing lip is never exposed to damage, cannot score shaft. 


A new unitized oil-seal-and-wear ring that eliminates: 


SHAFT WEAR OR SCORING 


SEPARATE METAL WEAR SLEEVES 


EXPENSIVE SHAFT FINISHES 


COSTLY SHAFT RE-MACHINING 


SEALING LIP INSTALLATION DAMAGE 


SPECIAL INSTALLATION PROCEDURES 


New National BUD UNITIZED seals are now in pro- 
duction, in a limited range of sizes, for heavy oil and 
grease sealing applications — including truck, bus 
and tractor uses. Still newer BUD UNITIZED seals are 
on the way for higher speed automotive and similar 
uses. 

Changing a National BUD UNITIZED oil seal auto- 
matically changes the wear sleeve — in one fast, sim- 
ple operation. Since the seal has its own integral 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 

and Downey, California 


6013-R 
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wear ring, it is almost impossible to install it other 
than squarely on the shaft. Expensive shaft finishing 
is no longer a necessity, nor is leakage under a metal 
wear ring a problem — both thanks to the rubber sur- 
face BUD UNITIZED presents to the shaft. 

For complete details or skilled engineering help on 
application of BUD UNITIZED seals, write direct, or 
call your National Seal Applications Engineer. You'll 
find him in the Yellow Pages, under Oil Seals. 
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Load-Levelers’ by Monroe Prevent . 


MONRO-MATIC 
SHOCK ABSORBERS 


Standard on more makes of 
cars than any other brand. 


DIRECT ACTION 
F POWER STEERING 
The only truly direct-action 
Power Steering units available. 
am MONROE SWAY BARS 
Specified as standard 
equipment on 15 makes 


of passenger cars 


‘ 


Standard on more tractors than 
all other seats of its kind 


E-Z RIDE TRACTOR SEATS 
combined. 


“Tail =) Drag” . 


Prevent bumping on driveways and all the other problems caused by over- 
loading today’s longer, lower cars. Load-Levelers* give 35% to 45% more road 
clearance with overload, 12% to 17% more road clearance with normal load. 


Load-Levelers* do the work of elaborate suspension systems—at a fraction of 
the price. Installed in place of the rear shock absorbers, they automatically 
adjust a car to any extra load, to provide a safe, comfortable ride. 









e Prevent ‘‘tail drag’’, side sway, and ‘‘bottoming’”’ 
on axles . . . provide a smoother stable ride. 


e Prevent hard steering and excessive tire wear. 


e Require no service, and don’t interfere with under- 
body servicing. 


e Easily installed as optional equipment. 


Our engineers will be glad to discuss the many advantages 
of Load-Levelers*. Write or call today. 


i ‘ 
ee att he 
*Trademark 


MONROE AUTO EQUIPMENT COMPANY «+ MONROE, MICHIGAN . 


In Canada, MONROE-ACME LTD., Toronto, Ontario « In Mexico, MEX-PAR, Box 21865, Mexico City 
WORLD'S LARGEST MAKER OF RIDE CONTROL PRODUCTS, INCLUDING MONRO-MATIC® SHOCK ABSORBERS 
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* 
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YOU CAN’T AFFORD TO 














FOR SMOKE SIGNALS! 


Smoke signals from an engine are 
sure signs of excessive engine wear 
and poor engine performance! To 
protect the reputation of his product, 
an engine manufacturer must guard 
against these tell-tale smoke signals 
before his product leaves the factory. 
That’s why more engine manufactur- 
ers install Fram Filters as original 


YOUR FIRST LINE OF ENGINE PROTECTION 
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equipment than any other brand. 
Why not let Fram’s extensive re- 
search and testing facilities go to 
work for you? Fram leads the field in 
research and Fram engineers always 
come up with the most efficient and 
economical solution to every filtra- 
tion problem! FRAM CORPORATION, 
Providence 16, R. I. GEneva 4-7000. 


FRAM 


O/L AIR FUEL WATER 


FILTERS 















in Uanada, MONROE-ACME LTD., 1 OrOnto, UNUariO * iN MeXICO, MEA-PAR, DOX 21500, VLCXICO UILY 


WORLD'S LARGEST MAKER OF RIDE CONTROL PRODUCTS, INCLUDING MONRO-MATIC® SHOCK ABSORBERS 


Test the AUTOLITE CO-AX on your own 
equipment in farm, marine, earth movers, trucks, 
cars, diesel and industrial engines...to check 
its many design advantages, its plus values. | 
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MORE COMPACT. Shifting solenoid located 
inside pinion housing coaxially with shaft. No ex- 
ternal parts interfere with engine or accessories. 


MORE ADAPTABLE. Complete range of 
pinion sizes and mountings meet SAE standards, 
plus special adaptations for custom engine designs. 


MORE VERSATILE. 
Rugged one-piece pinion 
housing designed so that a 
flat for terminal and switch 
can be machined at any point 
on circumference. Results: 
almost unlimited mounting 
positions; one motor can be 
adapted to several different 
engines. 


MORE PROTECTION. Motor and solenoid 
are enclosed...not exposed to dirt, water, snow or 
foreign objects. 


EASIER SHIFTING. Solenoid, pinion and 
motor switch operate in a direct line. Provides ac- 
curate and reliable motor timing. 


Want to know more about Co-Ax Starting Motors.. 


| STARTING MOTORS 


SO RIGHT! SO SIMPLE! SO LOGICAL! 
First Revolutionary Advance in 25 Years! 


LONGER USEFUL LIFE. Positive and auto- 
matic engagement of pinion into ring gear with 
noticeable absence of engagement clash means less 
wear, greater length of service. 


LESS SERVICING. Adequate bearings and lu- 


brication reserves require no periodic maintenance. 


PERFORMANCE RANGE. Co-Ax motors for 
diesel and large gas engines are conservatively 
rated on SAE standard and heavy duty battery 
curves as follows: 


2.4 hp, 28 Ib. ft. stall... to 
...3.6 hp, 44 Ib. ft. stall 


2.8 hp, 35 lb. ft. stall... to 
...6.5 hp. 78 Ib. ft. stall 


Smaller Co-Ax motors are also available with range 
of performance for automotive, agricultural and 
industrial engines. 


12 volt motors 


24 volt motors 


. and 


how they can simplify engine design for you? Write to 
Autolite, Electrical Products Division, Toledo 1, Ohio. 


ELECTRICAL PRODUCTS DIVISION Toledo 1, Ohio 
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EATON SPRINGS 


An Important Part of Today's Ride 
—and Tomorrow's Ride, Too! 














Eaton Chassis Springs are important factors in the smooth, stable Chassis Leaf Springs 
ride of today’s motor cars and trucks, and in spring life and de- 
pendability. We are planning equally important contributions in 
providing an even better ride for the vehicles of the future. Engine Vaive Springs 
Together, the Eaton Spring Division and the Spring Perch 
Company, a wholly owned Eaton subsidiary, are one of the coun- 
try’s largest spring suppliers. This is important; it makes possible Flexible Control Wires 
our ability to meet delivery commitments, and to provide the many 
advantages of large volume production and material procurement. 
Equally important is our ability to provide engineering assistance, 
suspension design, and a full scale program of research and devel- 
opment in metallurgy and testing techniques. ON 
Eaton engineers will welcome an opportunity to discuss your 1 
spring and suspension problems, and also to work with you in the 
production of prototypes and test samples. Write, wire, or phone. 


Coil Springs (Hot Coiled and Cold Formed) 


Spring Steel Stampings Wire Forms 


Rotary Mower Blades 





» 


EATO 
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SPRING DIVISION 
MANUFACTURING COMPANY t 


9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 





NO PLACE FOR AN ACROPHOBE 


When first we read of the seven who are 
eager to blaze a route to the stars, we pon- 
dered what we thought of as man’s inborn 
fear of great heights. 

Now we learn that the first of the astro- 
nauts will have a window in his capsule, 
that he will peer down at the spinning earth 
and out at the wheeling stars. 

We are producing these unique, space- 
going viewports for McDonnell Aircraft 
Corporation, prime contractor for the Na- 
tional Aeronautics and Space Administra- 
tion’s Project Mercury capsule. 

Che window is an excellent piece of en- 
gineering. Not just because we made it, but 
because it Aas to be. 

It will take the slams and whams, the 
blistering heat, and the embrittling cold of 
blast-off, orbitation, re-entry, and a soak 
in the briny. All during this it must remain 
transparent, intact, and sealed tight. 

There are four panes to the window. The 
outer two are Vycor® 96% silica glass. 
[he inner two are aluminosilicate glass 
specially tempered to phenomenal strength. 

Each pane is ground and polished to the 
precision finish of a telescope mirror. The 
outermost panel curves to the contour of the 
capsule, so it trapezoids from an 11” base to 
a 714” top along a 21” height. 

Ihe glasses present a delicate balance of 
optical qualities, thermal shock resistance 
and low weight. The last is vital when you 
consider that it takes about 100 gm of fuel 
to orbit 1 gm of payload. 

So, remember, when you see the first 
astronaut smiling quietly, confidently from 
his capsule, you are looking at him through 
Corning glass. 
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HOW ABOUT A DEGREE 
IN MEDICAL ENGINEERING? 


The mechanics of modern medicine are 
fast maturing to the point where some engi- 
neers are specializing in the building of ma- 
chines like this Infant Servo-Controller for 
the Isolette, manufactured by Air-Shields, 
Inc., Hatboro, Pennsylvania. 

This particular machine is used with pre- 
maturely born infants who must keep their 
body temperature at a constant level, but 
lack a well-developed thermal regulatory 
device, 

You attach a thermistor to the babe’s 
abdomen and let him work as his own 
thermostat. He automatically requests heat 
from infrared lamps whenever his skin 
temperature drops below 97°F. When 
things are just right again, he switches off 
the lamps and takes a rest, with the odds for 
survival more in his favor. 

If you’ve ever tried to unbulb an infrared 
lamp, you know that it gives off direct heat 
as well as IR energy. 





That’s why there are two Pyrex No. 
7740 glass plates sitting on top of the plastic 
chamber in the picture. You can see them, if 
you look closely. The Pyrex plates are 
heat resistant and will also dissipate the di- 
rect thermal output of the lamps. So, the 
plastic forgets the lamps are there. 

As far as the IR energy is concerned, the 
Pyrex plates don’t exist either, so prac- 
tically all the IR gets through to the baby. 

The over-all relationship between IR and 
glass is an odd one. We can give you glass 
which transmits as much as 92% of the IR 
or a glass which transmits as little as 8% of 
the IR. 

Happily for our product specialists, there 
is demand for both situations. We’ve pre- 
pared some bulletins on many of these IR 
characteristics, a copy of which you may 
have by sending the coupon. 


a 


CORNING MEANS 


| () IR Transmitting Glasses 
Name 

| Company 

| Street 

City 


RESEARCH 1 N 


(] IR Reflecting Glass 


FROM CORNING 
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SOMETIMES GLASS IS 
SO OBVIOUS 


Leafing our way through the 4th Annual 
Shirt Issue of “Cleaning Laundry World” 
(April 1960), we took note of an advertise- 
ment which concerned a machine which 
displayed a feature which we consider the 
soul of genius. 

The machine is a dry cleaner manufac- 
tured by Detrex Chemical Industries, Inc. 
Ihe feature is a glass-enclosed filter which 
keeps the dry-cleaning solvent cycling un- 
polluted. The soul of genius, to our minds, 
consists of intelligent manipulation of the 
obvious . . . in this case, an application of 
the first known and longest respected of the 
myriad properties of glass . to wit, its 
transparency. 

When you locate such a place, it doesn’t 
necessarily take a lot of redesigning of cus- 
tom fabrication to put glass to work, either. 
We checked and found that Detrex, for ex- 
ample, simply orders standard 6” O.D. 
Pyrex brand Heavy Duty Tube for its 
filter wall. 

The result is that the operator of the De- 
trex Cleaner can watch the filter at work. 
He can spot trouble while it’s still potential, 
determine its cause exactly should it occur 

. all without any dismantling or shutdown. 

Is there anything you’re working on that 
you wish you could watch working? If 
there is, and you want to put glass to work, 
you can start by sending the coupon for a 
copy of Bulletin IZ-1, “Designing with 
Glass for Industrial, Commercial, and Con- 
sumer Applications.” 


GLASS 


CORNING GLASS WORKS, 4010 Crystal St., Corning, N.Y. 
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AIR CONDITIONING POWER 


“Proven reliability of Inter- 
national engines has led to 
the universal acceptance of 
Ready-Power air condition- 
ing equipment’ Report from 
Norb Hall, Manager, Air Con- 
ditioning, Ready-Power Co. 


MUNICIPAL POWER 


“We needed heavy-duty en- 
gines with superior sealing 
that would keep working 
under extremely dusty con- 
ditions’ Report from R. 
Schmidt, Chief Engineer, 
Elgin Sweeper Co. 


HANDLING POWER 


“On-the-job reports prove 
that International power is 
an excellent choice!’ H. P 
Lockhart, Ass’t General Man- 
ager, Sales, Austin-Western 
Construction Equipment Div., 
Baldwin-Lima-Hamilton Corp. 


AUXILIARY POWER 


“Onan equipment is built for 
100 per cent dependability, 
so we chose International en- 
gines when specs called for 
water-cooled power!’ Report 
from J. C. Hoiby, Vice Presi- 
dent, Engineering, D. W. 
Onan & Sons, Inc. 


MAINTENANCE POWER 


“We chose International 
power because of the wide 
speed range and favorable 
torque-speed curve!’ Report 
from J. Roberts, Chief Engi- 
neer, Galion Iron Works & 
Manufacturing Co. 


UTILITY POWER 


“International engines help 
give all four models of our 
earth augers fast digging 
action, high speeds coming 
out of the hole, and clean 
throw-off!’ Report from H. B. 
Williams, President, Hugh B. 
Williams Manufacturing Co. 
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MARINE POWER CONSTRUCTION POWER GROUND SUPPORT POWER 











“The wide range of power 
in the International line fits 
in with our plans to offer a 
wide selection of models!’ 
Report from Roger Frantz, 
Design Engineer, Hobart— 
Motor Generator Corp. 


“International diesel engines 
meet our standards for ef- 
ficiency, dependability and 
parts and service coverage*’ 
Report from Guy Banister, 
Chief Technical Engineer, 









“Our sales have increased 
over 500% since we began 
using International engine 
assemblies five years ago’’ 
Report from R. C. Bolling, 
President, Palmer Engine Co. 
















LEADING ENGINEERS 


Barber-Greene Co. 








choose International Power 
for a wide variety of jobs! 


Efficient and dependable power is assured for 
products of leading engineers, who specify IH en- 
gines for a wide variety of applications. Design 
engineers serve many different industries, but they 
all have one common problem: to find the most 
practical, economical and efficient power for their 
products. If you have the responsibility for select- 
ing the power for your products it will pay you 
to check International engines because— 


FIRST, you have a wide selection of power from 
which to choose—35 engines from 16.8 to 385 max. 
hp—available in gasoline, LP gas, natural gas or 
diesel. 


SECOND, IH engines meet rigid requirements of 
economy and dependability. Millions of hours of 
continuous operation in all parts of the world have 
job-tested International power on every heavy- 
duty application. 





THIRD, your customers never have to wait for re- 
placement parts. International’s world-wide parts 
and service facilities back up your organization 
with fast assistance on power problems. 

Check the complete line of IH engines now, and 
discover the extra selling advantages International 
power adds to your product. Call or write to Inter- 
national Harvester Co., Engine Sales Dept., Con- 
struction Equipment Division, Melrose Park, Ill. 


m INTERNATIONAL’ 


International Harvester Co., 
180 North Michigan Ave., Chicago 1, Ill. 
A COMPLETE POWER PACKAGE 
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The combined technical and research fa- 
cilities of Union Carbide Corporation, 
with tremendous resources of chemical 
experience and knowledge, have brought 
about outstanding achievements in sili- 
cone rubber. Ten of these contributions, 
which industry has enthusiastically ac- 
cepted, are depicted on our film strip 
here. 

Important thing to remember: When- 
ever you need the strikingly superior 
advantages of silicone rubber, see your 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 


, 


The term “‘Union Carbide” is a registered 


trade mark of Union Carbide Corporation. 


UNION CARBIDE Silicones Man first. Ad- 
vantages such as low temperature flexi- 
bility, thermal and oxidation stability at 
very high temperatures; low compression 
set; weather, ozone, oil resistance; elec- 
trical resistance or conductivity. Your 
Silicones Man has them all at his finger- 
tips. Write Dept. JK-9002, Silicones Divi- 
sion, Union Carbide Corporation, 270 
Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Bakelite Division, Toronto 12, Ontario. 


apt SILICONES 
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There’s as big a difference between truck and car heaters as 
there is between truck and car tires. The rugged construction 
of Evans truck-built heaters . . . the combination of the right 
BTU rating and proper heat distribution . . . just can’t be 
matched by heaters built for cars. Whatever your truck heating 
requirements, our engineers are ready to work with yours to 
design an Evans heater to do the job. Write Evans Products 
Company, Dept.Z10, Plymouth, Mich. 
Regional Representatives: Chicago, R. A. Lennox 


Detroit, Chas. F. Murray Sales Co. 
Allentown, Pa., P. R. Weidner 
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EVANS 


TRUCK AND BUS HEATERS 
AND VENTILATING SYSTEMS 
® 


EVANS PRODUCTS COMPANY 
Plymouth, Michigan 
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Designed for Compactness. oA 


Torrington Needle Bearings 


Simpler, more compact design is possible wherever Torrington Needle 


Bearings are put to work in eliminating friction problems. 


These outstanding bearings offer a higher radial load capacity 
than any other bearing of comparable size. They are more compact, 
lighter in weight, and are lower in unit cost. The full complement of 
small-diameter precision rollers insures exceptional antifriction per- 
formance and long, maintenance-free service life. The turned-in lips 
on the outer shell guarantee positive roller retention. Installation and 
assembly are fast, simple, economical. 


The unmatched design and production advantages of Torrington 
Needle Bearings have been proved in applications ranging from office 
machines to automobiles, washing machines to earth-moving machinery. 
Give your product the benefit of our antifriction know-how. Write or 
call Torrington—maker of every basic type of antifriction bearing. 


TORRINGTON NEEDLE 
BEARINGS FEATURE: 


Full complement of retained 
rollers 

Unequalled radial load ca- 
pacity 

Low coefficient of starting 
and running friction 


e Low unit cost 
e Long service life 


Compactness and light 
weight 

Run directly on hardened 
shafts 

Permit use of larger and 
stiffer shafts 


TORRINGTON BEARINGS 


Torrington, Conn. *« South Bend 21, Indiana 


progress through precision 
THE TORRINGTON COMPANY 
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For Sake of Argument 


Realism... 


THE THOUSAND THINGS that go right every day are at least as 
real as the few that go wrong. A lasting concept is just as real 
as a thing that wears out. 


How come, then, that “being realistic” is so regularly equated 
with emphasizing whatever is wrong, sordid or difficult? In 
terms of permanent values, isn’t an Emerson more realistic than 
a Hitler? On the record, isn’t even a Pollyanna at least as real- 
istic as a Scrouge? 


“Realism,” says Webster, “is the presentation of nature or 
social life as it actually appears.” Realism, in other words, is 
not the presentation of nature and life as it is; but only as it 
seems to be. 


Perhaps realism for each of us is nature and life as we see it 
individually. One man will be rendered unconscious of a flower 
garden’s beauty because the itch of a mosquito bite fills his con- 
sciousness. Another may remain conscious of the loveliness sur- 
rounding him even while rueful about a bee sting. 


Concentrating constantly on what goes wrong and calling that 
“being realistic” is akin to arguing that the bad dream from 
which we awaken is real just because it scared the pants off 
us. It’s like arguing that the relief and joy which came when we 
woke up is unreal. 


Too often the man who preens himself as a “realist” can think 
of five hazards to completion of a program before he comes up 
with one way for possible accomplishment. 


The true realist is likely to see that substance is a blend of 
hope and faith and of Matthew Arnold’s “invincible surmise” 
... and probably is known to the world as an “idealist.” 
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Bendix maintains a fleet of mobile brake laboratories 
which are available to you. These laboratories contain 


ANOTHER CUSTOMER SERVICE FROM BENDIX .. . Brake Headquarters of the World 
advanced brake testing instruments and are manned by 
Bendix engineers. They bring Bendix brake experience 


and know-how right to your doorstep. 


The newest of these mobile labs, shown below, pro- 
Brake vides outstanding facilities for testing heavy-duty 





brakes. Latest electronic instruments observe and record 

temperatures, pressures and displacements in every 

part of brakes being tested—they take the pulse of 

e a brakes working under GCW loads up to 65,000 pounds. 
Bendix designs, tests and produces more brakes than 

anybody else in the business. And mobile laboratory 

service is only one of the many advantages offered by 

Bendix . . . “brake headquarters of the world.” For 

help on your brake problems, write, wire or phone our 


Test Laboratory ="="<"="= : 


* ‘ 
| BENDIX MOBILE LABORATORY 
| | | BRAKES POWER Br 
| | AKES 
if : : . 
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Newest Bendix mobile brake laboratory tests heavy-duty brakes. 
Top photo shows Bendix engineer at instrument panel inside 
mobile lab. ‘ 


Bendix ‘hivision South Bend, inp. HRY" 
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from SAE meetings, members, and committees 


OMMUNICATIONS SYSTEMS 
.: NECESSARY to operate a 
modern airline are almost 
unbelievably extensive. Teletype 
circuits to provide weather infor- 
mation to central and regional of- 
fices throughout the country are 
only the beginning. 

United, for example, has, in ad- 
dition, company teletype circuits 
covering 32,500 miles and connect- 
ing 225 offices. Thousands of mes- 
sage per day go over these circuits. 
Besides these facilities, United has 
six private telephone circuits ex- 
tending from coast to coast and 
from San Diego to Vancouver. 
These are used to exchange infor- 
mation, issue instructions, and 
conduct sizeable conference calls 
to resolve operating problems. 

Another United facility com- 
bines the use of the private tele- 
phone line and an aeronautical 
radio station. Through it, direct 
discussions are conducted between 
pilots and dispatchers or meteor- 
ologists . from any dispatch 
center to any of United’s flights 
in the United States and as far 


west as Honolulu. 
93 % POWER AVAILA- 
BLE IN ALL PRIME 
MOVERS in the United States re- 
poses in our passenger cars, trucks, 
buses,and motorcycles. More than 
7 billion horsepower is available 
beneath the accelerator pedal of 
the gigantic vehicle fleet operating 
in this country. 





OF THE HORSE- 


SCRAP AT CHEVROLET’s 
“new” aluminum foundry is 
ranging from 2% to 10%, depend- 
ing on the complexity of the part. 
The cylinder head — Chevrolet’s 
most complex casting—is now 


[O'scrar ar. ¢ PROCESS 


running below 10% and, according 
to Chevrolet’s R. C. Walter, is sure 
to get better. 

“We do not have a great amount 
of experience ... and have ob- 
tained 10 yr experience in the alu- 
minum casting business in one 
year,” he told an SAE audience re- 
cently. “Many people in the in- 
dustry using this low-pressure 
process get 3% scrap rate or bet- 
ter.” 

The cam gear is the only 356- 
alloy casting that Chevrolet fully 
heat treats, Chevrolet metallurgist 
Don Flynn told the same group. 
“All other low-pressure castings 
in 356-alloy are aged only ... and 
for dimensional stability and not 
for strength.” The cam gear heat 
treatment, he added, is for engi- 
neering design reasons only. 

The Chevrolet aluminum 
foundry, Walter said, is shipping 
about 3,000,000 lb per month, and 
employs about 900 people — 350 of 
whom are production people. 


TOTAL OF 110 MILLION 

VEHICLES traveling well 
over a trillion miles annually, ac- 
cording to recent projections by 
the Bureau of Public Roads. Will 
the fast-moving trend toward 
small and compact cars in the 
population rewrite these projec- 


tions? 
N 
A PARATUS has been widely 
used for 10-15 years by the 
Armed Forces and community fire 
departments which uses potassium 
superoxide (KO.) in a breathing 
canister strapped on the body. It 
is used with a face mask so that 
exhaled air is reused in a closed 
circuit. The KO, absorbs carbon 
dioxide and liberates oxygen. 


B: 1975, WE WILL HAVE A 


EMERGENCY RESCUE AP- 


VER $500 MILLION worth of 
machine tools equipped with 
numerical controls will be 

purchased within the next five 
years. 


is one of the biggest cost fac- 

tors in cold extrusion. In 

addition, in setting up a cold ex- 

trusion job, this is one of the most 
difficult costs to anticipate. 

Cold extrusion tools aren’t like 
sheet metal draw dies. On draw 
dies, once you have produced an 
acceptable panel, you can feel rea- 
sonably sure that many more 
thousands of panels can be pro- 
duced with a minimum of tool up- 
keep. With cold extrusion, how- 
ever, an acceptable sample means 
nothing. The tools may break in 
producing anywhere from a dozen 
to a very few thousand pieces, and 
you can’t anticipate this in ad- 
vance. You actually have to make 
the parts to see what happens. If 
the tool life is too low, you either 
improve the tools or change the 
part design to permit better tool- 
ing until you obtain satisfactory 
life. 


"Tis: MAINTENANCE COST 


the production line inter- 

venes a process called “de- 
velopment” in the case of every 
new product. Acynic’s description 
of this process: “Making used cars 
out of new cars.” 


B tee bre THE DESIGNER and 


OST OF ELEVATING A 
C POUND OF MATERIAL into 

a 300-mile orbit about the 
earth has been estimated at $15,- 
000. Newer vehicles should reduce 
this figure to less than $1000 per 
pound. 
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From talk } 


Victor G. Raviolo 


EED FOR DIVERSITY, as well as low production 
costs, presents great problems to American au- 
tomobile designers as they attack their 1960-1970 
design programs. We must learn to produce inter- 
changeable components in large volume... and to 
make a variety of vehicles from these components. 
This has already been done to a degree. But more 
ingenuity is required for the future. Internal body 
structures have been used in common in several car 
lines by ourselves. But we must go much further 
with the mechanical components than have any of 
us to date. 
The optimum range will be created by providing a 
series of shells, into which alternative powerplants 
can be fitted. Concentration of substantially all 


Future 
Car 
Changes 





mechanical parts into “power-packages” will permit 
a high devree of interchangeability without affect- 


ing basic body shells. Further, such power-packages 
will not be affected as readily by styling change as 
are conventional chassis. Result: a high degree of 
automation can be justified. 

The promise of minor changes and major invest- 
ments means that we must be quite certain as to 
trends in engine and transmission designs before we 
are committed to a final production design. 


New engines coming 


Engines are the heart of the problem. Our Ameri- 
can industry introduced a new series of engines im- 
mediately after World War II. We capitalized on 
what we had learned during the war about combus- 
tion, design, materials, and production techniques. 
Since then, we have developed and refined and ex- 
ploited these engines to something near the limits of 
their potential. 

A new series of engines is coming, probably in the 
mid-1960’s, which will be the result of the research 
of the last decade. We are still not agreed on any one 
type and are, in fact, studying the entire spectrum 
of possibilities. Size and configuration almost cer- 
tainly will be closely related to the package concepts 
described before. 

Flat engines are especially favorable for rear-en- 
gine installations, but are not as adaptable to the 
front because of the lesser width available between 
the steering wheels. Front-engine packages are 
adaptable to the smallest size of car. However, the 
package concept is most difficult to apply to the 
larger cars because of the greater ratio of power- 
plant weight to total weight. The larger cars may 
well continue to use the conventional drive line for 
some time. 

Materials for major engine castings will be chosen 


more exciting than in past 


Leading car engineer specifies changes 


to grow from research and design currents due to flow 


through decade of the ‘60's 
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for function and economy. Rear-engine cars re- 
quire aluminum castings in order to minimize the 
unfavorable weight distribution, even though there 
is a cost penalty at this time. Aluminum will con- 
tinue to be used for covers, manifolds, flywheel hous- 
ings, and transmission cases. In these applications, 
the weight advantage can be achieved at equal or 
lower cost than with iron. 


Lighter castings on the way 


New foundry processes and techniques soon will 
lead to lighter and more competitive iron castings. 
Use of precision resin-bonded shell molds, together 
with automated mold assembly, results in better di- 
mensional control. This makes possible thinner 
wall sections, which can be achieved in pouring by 
metallurgical control of iron fluidity and by design 
detail to ease metal flow. 

Light-weight castings of iron for the major ele- 
ments, such as cylinder block and head — together 
with judicious use of aluminum for covers and mani- 
folds — will result in total engine weight very near 
the weight of an all-aluminum engine. This will be 
done at a cost substantially lower than that of an 
aluminum engine. Further, we thus avoid all the 
structural, thermal, and wear problems that occur 
with aluminum. 


Higher-strength steels soon 


Ford is also working with high-strength steels in 
its Scientific Laboratory. In the past, ultra-high- 
strength steels were known as laboratory curiosities. 
They have been very expensive and, characteristi- 
cally, too brittle for most applications. We have 
now achieved steels of 400,000 to 500,000 psi tensile 
strength with elongations of 742%. 

Preliminary studies indicate that these steels can 
be made at reasonable cost in large volume produc- 
tion. We are not yet certain of the possibilities of 
using these steels for working parts, but we are con- 
fident they will find a place in automotive design. 

Growth of the world market for automobiles will 
have a direct and marked effect on fuel cost and uti- 
lization. Our American customer has had only a 
minor regard for economy of operation because of 
low-priced fuel. However, fuel prices certainly will 
rise as the world demand for fuel increases. Then, 
these rising prices will be reflected in smaller aver- 
age vehicle size and lower average horsepower. 
Many customers who now prefer a large used car will 
be induced to buy a new small car. 


New energy sources sought 


There will be a continuation of the search for new 
energy sources, such as nuclear energy or fuel cells. 
The fuel cell in particular is intriguing to us, despite 
its present cost, weight, and size. The promise of 
efficiency of 85% or better is exciting when com- 
pared to the reciprocating engine, which is limited 
by the Carnot-cycle efficiency and other practical 
factors to less than half of that value. 

Nuclear energy probably will not be applicable di- 
rectly to ground vehicles, but it may be a secondary 
source. For example, a controlled fusion process 
could well be the source of low-cost electrical and 
heat energy, which could, in turn, be used by chemi- 
cal plants to make fuels for fuel cells. 
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New engines for ground vehicles 


Among the more conventional powerplants are 
three types that include turbines in the final drive. 
These are the gas turbine, the free-piston gasifier 
plus turbine, and the compound engine. 

The gas turbine promises very high power-to- 
weight ratio at the cost of increased fuel consump- 
tion. The classic single-spool machine with regen- 
erator is reasonably efficient within a narrow range 
of speed and load. Ford is now well along with a new 
arrangement. This consists of a small compressor- 
turbine combination supercharged by a low-pressure 
compressor resulting in a high overall pressure ma- 
chine. It includes intercooling between the com- 
pressor stages, a reheat burner between turbine 
stages, and stationary exhaust heat exchangers. 

Component development is complete, and the as- 
sembled engine is now on bench test. This will be 
followed by vehicle installation this year. 

The fuel consumption is within the diesel range 
and with a flat curve. That is, if we plot specific fuel 
at full or part load, we get a curve below many die- 
sels and nearly as low as the best. 

Materials and production techniques have been 
major problems. We have successfully developed 
iron-aluminum alloys which are ductile and can re- 
place stainless steels for many applications. We also 
have developed such techniques as forging all the 
individual turbine blades into the hub in one blow, 
thereby eliminating fine machining and fitting. 

As a result, we believe this turbine will be competi- 
tive in cost with low-volume, high-quality diesels. 
Being competitive in first cost and in operating 
economy, the turbine’s great advantage would lie in 
lower weight (one-third that of a typical diesel) and 
in greater life (two to three times that of a typical 
diesel). There is little promise that costs equal to 
automobile gasoline engine costs can be achieved. 

Some time ago, Ford designed and developed a 
free-piston gasifier and turbine combination and in- 
stalled one in a tractor. It was a technical success, 
but we found it did not offer enough advantages to 
create a new market demand. Cost studies were 
made, and it was determined that the engine could 
be produced at a cost slightly less than a tractor die- 
sel but not as low as a gasoline engine. The prime 
limitation is the low frequency (corresponding to 
low rpm in diesels) that results in low power-to- 
weight ratio. This in turn inhibits broad applica- 
tion to ground vehicles other than tractors. 

The compound engine is theoretically the most 
desirable and practically the least desirable vehicle 
engine. The theoretical cycle indicates the highest 
efficiency, but in cost and complications, the engine 
includes the worst features of both piston and tur- 
bine engines. 

Conventional piston engines will continue to power 
most vehicles in the next decade. These may well 
include some major developments in combustion in 
either the gasoline or diesel version. 


New diesel promises 


The diesel offers new promise as a result of the 
very aggressive research of the past few years. The 
leading laboratories around the world are working 
on high-speed diesels, intended for maximum oper- 
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Future car changes more exciting than in the 


ating speeds of more than 4000 rpm. The problems 
of injection and combustion have been resolved in 
the laboratory, and will soon be reduced to produc- 
tion practice. 

The conversion of a heavy-duty truck from gaso- 
line to diesel power is very costly because of the lower 
maximum speed and greater weight of the diesel. 
Higher speed means a higher power-to-weight ratio, 
but also means that the same transmission axle and 
running gear can be used for gasoline or diesel. 
The cost of conversion can be reduced to about one- 
fourth of former costs. 

The economics of diesel operation change entirely 
with this development. Instead of a truck operator 
needing two years or more to recover the incre- 
mental capital cost of the diesel, he could recover 
the new incremental conversion cost in some six to 
nine months. This will create a new market for die- 
sels in taxicab, delivery truck, and farm truck usage. 


Diesels for passenger cars 


The availability of light-weight diesels will make 
it possible to offer them as optional powerplants for 
passenger cars. The extensive use of diesels for pas- 
senger cars will depend on local fuel prices and 
taxes. In the United States, it will be difficult for 
the private owner (driving an average 10,000 miles 
per year) to recover the added cost. 


Stratified-charge engines promising 

The gasoline engines also are likely to include 
some new developments in combustion. All these 
can be classified as stratified-charge engines. 


AUTHOR VICTOR G. RAVIOLO is executive direc- 
tor of Ford Motor Co.’s engineering staff. 


For many years he has been intimately connected 
with the forerunners of all the engineering develop- 
ments he talks about in this 
article. He is currently in the 
middle of the swift-flowing 
stream of automobile design 
and development as it rushes 
into the decade of the ’60’s. 
Only recently, he returned 
from a European trip during 
which he discussed future au- 
tomobile developments with 
leading engineers of France, 








> England, Germany, and other 
RAVIOLO European manufacturing 
countries. 


In this article, he documents item by item, the 
background for his conviction that: 


“The automobile, now in its second half-century = 
of existence, has not reached the end of its develop- : 
ment. In fact, the future offers the promise of more 
exciting changes than the past.” 


There are a number of forms such engines can 
take. They may use precombustion chambers sup- 
plied with a stoichiometric mixture, which will be 
spark ignited and, in turn, will fire a lean mixture in 
the main chamber. They may use a stratified charge 
in the main chamber by control of airflow and fuel 
flow. In either case, they almost certainly will use 
fuel injection and may well run with an open throt- 
tle, except for very low speed and load. There must 
be a means for separating the normal firing charge 
from the very lean mixture that can be burned only 
with high-energy ignition. These engines probably 
will run with excess air. 

The stratified-charge engine is the most promis- 
ing development for passenger-car engines. Poten- 
tial fuel economy is projected for certain of these 
arrangements at more than a 50% improvement in 
miles per gallon. Development of such engines 
probably will not be fast enough to permit them to 
be introduced in the mid-1960’s. However, some 
manufacturers surely will pursue this development 
aggressively and may succeed before the end of the 
decade. 


Improved reliability forecast 


Along with developments in engines, materials, 
and fuels, we also will see important developments in 
the rest of the car. Improved reliability, durability, 
and safety continue to be the common goal, as well 
as lower initial and operating costs. 

The increasing cost of service justifies additional 
cost in the original build. We have been reducing 
the number of points on the car to be greased or 
oiled, and we will soon achieve a chassis that does 
not require lubrication. Some points will be lubri- 
cated for life at assembly; some will use lubrication- 
less bearings of plastics or slippery alloys, such as 
iron-graphite. We also are working toward axles 
and transmissions that are sealed at assembly and 
normally would not be serviced until a major over- 
haul. Cooling systems also will be sealed off at 
assembly. Better sealing and protection will be re- 
quired to make this possible, as well as better origi- 
nal-fill lubricants. 

Structural design of frame and body or of inte- 
grated body-frame cars is making progress. As we 
gain experience with integrated structures, we are 
learning to use metal more effectively to increase 
torsional and bending rigidity while reducing total 
weight. The frame-and-body car is likely to con- 
tinue for some time, especially in the car lines with 
many body types. The knowledge gained from inte- 
grated structures also is effective with frame and 
body, and more new frame types will appear. The 
separate frame and body will be designed as a com- 
pound structure to work as an integrated structure 
after assembly, in contrast to the classic concept of 
the frame as a platform for a floating, rubber- 
mounted body. 


Aerodynamic design studied 


The development of high-speed highways makes it 
possible for low-powered cars to maintain high 
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speeds for long periods of time. This will tend to re- 
emphasize aerodynamic design. The obvious advan- 
tage to be gained is the reduction of drag, leaving 
more power available for acceleration in passing 
maneuvers and also making better fuel economy 
possible. Less obvious is the control of lift and 
transverse forces in order to maintain traction and 
stability at high speed. 

There was a time when aerodynamic design was 
not acceptable to the customer because of its radical 
appearance. People today are more sophisticated 
about form and function and are more ready to ac- 
cept a new form if it is furnished and trimmed at- 
tractively. The most interesting aspect of our recent 
wind tunnel experiments is better knowledge of how 
much can be gained aerodynamically without no- 
ticeably affecting appearance. 


Automatic controls? 


The increase in average highway speeds has led 
some to believe that automatic controls will be 
needed to overcome the driver’s deficiencies. Such 
controls have been shown in various forms and are 
possible to install, if we are willing to accept the 
high cost. However, it cannot properly be assumed 
that the “black box” will do the job better than the 
human being. Many years of study and experimen- 
tation in this field, indicate clearly the limitations of 
automatic sensing and control, in contrast to the 
enormous amount of information received, analyzed, 
and stored away for use by the human driver. 

We can, and must, do all we can to help the driver. 
One desired goal is to fit controls better to the hu- 
man being. Also, we can give the driver more in- 
formation by: 


1. Improving his vision by greater use of 
clear glass area and by better night lighting. 


2. Extending the limits of his senses .. . as, 
for example, by providing a device to warn 
against excessive rate of closure — in time to 
permit safe deceleration to avoid the rear- 
end collisions so prevelant on superhighways. 


3. Providing changeable signs and short- 
range radio to give him more information on 
road surface, weather conditions, and dan- 
gerous obstructions ahead. 


Conclusions 


All of which adds up to the fact that automobile 
development trends are leading us into an era in 
which the “universal car” will be less important... 
and in which we will see a variety of specialized 
vehicles developed. 

The piston engine will be our major power source 
for some time, but will include some notable im- 
provements. New materials and new structures will 
provide increased utility and lower cost. 

The automobile, now well into its second half-cen- 
tury of existence, has not reached the end of its de- 
velopment. In fact, the future offers the promise of 
more exciting changes than the past. 
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Filtration 
now vital 

for hydraulic 
systems 


Based on paper by 


Legrand E. Terry 


Vickers, Inc. 


HE HYDRAULIC system of today is a far 

cry from that of ten years ago. And the 
advances in design make it imperative to use 
filtration to get overall high performance. 
Nine factors spell out this need: 


1. Horsepower has been increased as much 
as 100% to get more useful work. This puts 
greater demand on the hydraulic circuit and 
requires that it perform more efficiently. 

2. Pump speeds have been doubled and 
may run as high as 2400 rpm. Higher speeds 
mean more wear, more contaminants. With- 
out filtration the wear rate is increased. 

3. Pump pressures have risen as much as 
100% to attain well over 2000 psi. At such 
pressures, contaminants can scratch sealing 
surfaces and lower efficiency. 

4. Reservoirs have been reduced in size. 
Oil that once circulated completely every 
2-3 min may now circulate five times in a 
single minute. This gives contaminants a 
chance to do damage at a faster rate. 

5. Oil temperatures once stabilized at 120 F 
may now reach 240 F. This increases rate of 
oxidation, adding to sludge production. 

6. Mating parts have closer fits. Clear- 
ances of 0.0002 in. are not uncommon. Buta 
25-micron particle is 0.001 in. in diameter. 
When the size of particles circulating in the 
system is greater than clearance between 
parts, these openings act as expensive filters. 

7. Components once required to be serv- 
ice-free for 1000-1500 hr are now expected to 
run 3000-4000 hr. The longer exposure to 
contaminants means more wear. 

8. Down-time costs have risen many times. 
Filtration can often save its cost in the pre- 
vention of down-time. 

9. The lack of direct manual overrides on 
most complex hydraulic installations in- 
creases the vehicle operator’s dependence on 
the reliability of the control components. 
Removal of contaminants insures greater 
reliability. 


To Order Paper No. 223C... 


from which material for this article was 
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Trends 


ENGINEERING of American cars is changing just as rapidly 


as the passenger-car market is changing. In many respects, today’s 


engineering changes are as unpredictable as today’s market changes. 


Walter G. Patton 
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T LEAST two auto plants are 

planning to assemble BOTH 
body-and-frame and unitized bod- 
ies on the SAME assembly line 
during 1961. If any proof is 
needed demonstrating the tremen- 
dous changes now taking place in 
the automobile industry, here it 
is! Let’s look at some engineering 
trends that appeared recently to 
be well established: 

@ Who would have predicted a 
few years ago that the entire U. S. 
automobile industry — except the 
highest price class—would be 
competing across the board by 


1961? Yet this is the situation to- 
day. 

@As recently as two years 
30 


ago, it appeared the transmission 
would be moved to the rear axle. 
This would permit a nearly flat 
floor. Such a move is no longer 
a certainty. Enough progress has 
been made recently in reducing 
the hump in the floor so that the 
transaxle, if it comes, will proba- 
bly come slowly and to only a 
limited number of cars. It is 
Significant that no substantial 
amount of new tooling for the 
transaxle was bought for the 1961 
cars. 

@ A few years ago, 6-cyl engines 
were supposed to be fading out 
rapidly. According to Ward’s Au- 
tomotive Reports, of cars built 
during the 1960 model year, 42.4% 
had 6-cyl engines: As recently as 
1957, the 6-cyl engine accounted 
for only 17.3%. This year, a 4-cyl 
engine will be introduced by Pon- 
tiac. Built on the same line as 
the Pontiac V-8, introduction of 
this engine poses some riddles, 


principally economic, that are per- 
plexing to say the least. Pontiac’s 
4-cyl engine is almost certain to 
get top engineering and man- 
agement attention during 1961. 
Countering the 4-cyl Pontiac and 
the trend to 6-cyl engines, two 
new General Motors’ compacts 
have 8-cyl engines. 

@ As recently as a year ago, alu- 
minum engines seemed to be 
sweeping the U.S. industry. This 
year the first U. S.-built die cast 
passenger-car engine is being in- 
troduced by American Motors. 
Buick and Oldsmobile also have 
new aluminum engines that are 
semi-permanent-mold cast. 
Meanwhile, technological progress 
by iron foundries, plus new engine 
design concepts, have led many 
engineers to believe that cast iron 
can compete successfully with 
aluminum in the engine field. 
Here the stage seems to be set for 
one of the greatest competitive 
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struggles in the history of the au- 
tomobile industry. 

@ For several years unitized 
bodies have been getting a lot of 
headlines. All the new compact 
cars have unitized bodies. Chrys- 
ler changed nearly all of its bodies 
over a year ago to unit construc- 
tion. This year, however, three 
General Motors cars: Buick, Olds- 
mobile, and Cadillac, have new 
frames. Except for compacts, the 
Fisher Body Division of GM is 
holding the line on body-and- 
frame construction. The new 
Lincoln Continental is unitized, 
but Ford and Mercury will con- 
tinue body-and-frame construc- 
tion through 1961 at least. 

There are many things to be 
considered before making major 
decisions affecting car body de- 
sign. Not the least of these con- 
siderations is the economics in- 
volved. Some engineers argue 
strongly that the alleged eco- 
nomic advantages of unitized con- 
struction have not been realized 
in the larger cars and that body- 
and-frame construction can be 
just as economical in the full-size 
cars as the unitized design. It is 
also argued that body-and-frame 
cars can be made just as quiet as 
unitized bodies. Experience to 
date indicates that, as the wheel- 
base increases, unit-body cost 
tends to go up. 

What appears to be happening 
to our American automobiles is 
that the public is demanding — 
and getting — smaller cars, on all 
fronts. The extent to which the 
present trend will invade the en- 
tire automobile market is not yet 
clear. However, these things seem 
reasonably certain, regardless of 
current shifts in the market: 

1. Introduction of the smailer 
cars has greatly emphasized the 
necessity of holding down produc- 
tion costs. 

2. In the final analysis, cus- 
tomer’ satisfaction— plus’ eco- 
nomics — will dictate the deci- 
sions about aluminum engines, 
unitized bodies, and the ratio of 
compact cars to standard cars. 

Problems unlike anything seen 
previously by the industry will un- 
doubtedly plague the motor in- 
dustry’s management during the 
next year. Adjusting auto plants 
and the labor force and designing 
flexibility into tooling to meet the 
requirements of a rapidly chang- 
ing market will be among the 
challenging problems facing engi- 
neers and management. 
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Trend to lightweight engines .. . 


...is accelerating. Both new Al and new cast-iron engines show sub- 
Design for efficient manufacture is a “must” 
today. Crankcase ventilation device is mandatory for 1961 cars in Cali- 
fornia. New compacts feature low weight per volume ratio. 


stantial weight savings. 


OBODY knows the total de- 

velopment cost of the three 
new aluminum engines being in- 
troduced this year (plus numerous 
Significant refinements to other 
engines). However, if the facts 
could be determined, the sum 
would be in the millions. 

Undoubtedly, the major devel- 
opment work today in passenger- 
car engines is directed toward de- 
sign of lighter weight engines. 
Substitution of aluminum for cast 
iron in a V-8 engine may save 100 
lb. The new Falcon cast-iron en- 
gine introduced by Ford last year 
weighed 190 lb less than the last 
standard Ford 6-cyl cast-iron en- 
gine having the same horsepower. 

Another trend that is much in 
evidence at the moment is design- 
ing engines for efficient manufac- 
ture. The growing number of die 
castings used on today’s engines 
reflects this trend. 

Under the new competitive con- 
ditions, practically every car 
manufacturer is now offering (1) 
an economy engine designed to 
operate on standard fuel and (2) 
a range of engines that offer the 
customer optimum economy or 
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maximum performance. Matched 
with a choice of transmissions and 
axles, the customer may buy just 
about any combination of econ- 
omy and performance that suits 
his personal taste. This practice 
is now virtually industry wide. 

1961 will be noteworthy for the 
introduction of positive crankcase 
ventilation (mandatory in Cali- 
fornia.) 

Another interesting develop- 
ment will be the introduction by 
Lincoln Continental of an engine 
that has seven different parts, 
each selectively fitted. The new 
Lincoln Continental powerplants 
are broken in for the customer by 
running for 3 hr on test stands at 
3500 rpm prior to installation in 
the car. 

With few exceptions, compres- 
sion ratios and horsepower ratings 
have remained about the same. 
The big change has been that in 
a typical “super-compact,” engine 
displacement to car weight ratio 
has been increased substantially 
compared with a 1961 standard 
model. The availability of special 
kits to boost compact car per- 
formance is further proof of the 
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growing importance of a powerful 
engine in the typical U. S. pas- 
senger car. 

This year will see the introduc- 
tion of another inclined engine — 
by Pontiac. 

Problems of valve timing and 
engine mounts are again getting 
increased attention. 

More detailed discussions of the 
major engine developments fol- 
low: 

If aluminum is to become the 
engine material of the future for 
U. S. passenger cars (and many 
engineers think it will be), intro- 
duction of the first die-cast alu- 
minum engine this year by Ameri- 
can Motors can only be described 
as a great milestone in automotive 
history. Development work on 
this engine, a cooperative effort 
by American Motors and the 
Doehler Jarvis Division, National 
Lead Co., has been continuing for 
more than six years. 

The new Rambler 6-cyl en- 
gine represents an entirely new 
achievement—a passenger-car 
engine designed for die casting. 
Numerous struts and stiffeners 
were added to the engine block 
following test studies. Changes in 

PONTIAC TEMP- design had to be made, sometimes 
EST N-''"€ just to permit casting in a die. 

’ seevidhoss The new engine has a drop-center 
crankcase. Water passages and 
intake manifold are changed as 
compared with the predecessor 
cast iron engine. A full-flow filter 
is specified. 

Almost the only design detail 
unchanged on the Rambler alu- 
minum engine is the bore and 
stroke. 
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The prototype of the present 
engine was completed early in 
1958. A sand-cast engine was 
built first and tested. Many of 
the present casting techniques are 
based on experience with the 
sand-cast prototypes. Two pro- 
totypes, each sand cast prior to 
permanent-mold casting, were 
completed before extensive field 
testing of the present engine was 
started. 

The finished die for casting the 
new Rambler engine has 208 
pieces. More than a dozen slides 
are used to draw out the cores. 

The alloy used is Doehler Jarvis 
Sl, containing 12% Si. 

Advantages claimed for a die 
cast aluminum engine include 
light weight, high volume produc- 
tion per sq ft of floor space and 
clean internal passages that are 
entirely free from dirt and sand. 
This latter advantage may some- 
day become very important, many 
engineers believe. 

The new Rambler engine is the 
largest die casting ever produced 
in this country, weighing 52 lb. 
A saving of 80 lb was made possi- 
ble by the changeover to alumi- 
num. 

An important part of the de- 
velopment work centered around 
the use of Zansman stress strips 
for testing stress concentrations, 
both statically and dynamically. 
A well-established aircraft tech- 
nique, this method has not been 
widely used heretofore by the au- 
tomobile industry. 

Displacement of the new alu- 
minum 6-cyl engine is 195.6 cu 
in. Compression ratio is 8.7 to 1. 

Cast iron liners have a maxi- 
mum thickness of 0.093 after ma- 
chining. The cylinder head is 
made of cast iron. 

The new engine has hydraulic 
valve lifters, 100% counter-bal- 
anced crankshaft, an oil pump de- 
signed to eliminate hydraulic lock, 
and an aluminum water pump. 
A single throat Holley carburetor 
is used on manual shift cars; a 
twin throat Carter carburetor is 
specified for automatic transmis- 
sion cars. 

The crankcase skirt was added 
primarily to increase the struc- 
tural rigidity of the block.' 

The powerplant for the compact 
Pontiac Tempest is a 195 cu in., 
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45-deg inclined, short-stroke 4-cyl 
engine. The Tempest is the first 
engine-in-the-front, transmis- 
sion-in-the-rear car offered by an 
American manufacturer. 

The engine is the modified 
right bank of the standard Pon- 
tiac V-8 engine. It will be pro- 
duced on the same highly auto- 
mated line, using the same tools 
as for the standard Pontiac en- 
gine. Fixtures have been modi- 
fied to take both engines. 

To achieve smoothness in this 
4-cyl engine, Pontiac engineers 
have taken many interesting steps, 
including balancing the crank- 
shaft to 0.50 in.-oz. There are 
four integrally cast crankshaft 
counterweights. Engine mounts 
are unusually flexible in front, 
permitting a wide latitude of en- 
gine movement. However, rigid 
attachment to the torque tube ap- 
pears to exercise a desirable re- 
straint on engine movement. The 
torque reaction is taken at the 
rear suspension mounts. Pontiac 
engineers say recent progress in 
the design of engine mounts and 
their unique torque tube arrange- 
ment have contributed impor- 
tantly to the satisfactory per- 
formance of the 4-cyl Tempest 
engine. The fact that the drive- 
shaft is small also contributes to 
the remarkably low stress on the 
driveline.’ 

Buick’s first V-8 aluminum en- 
gine has been designed to give 
outstanding output and economy 
for a lightweight engine. In ad- 
dition to an aluminum block and 
head, light metal is used for the 
intake manifold, rocker arms, oil 
pump, timing chain cover, water 
pump, fuel pump, and distributor 
holder. 

Displacement is 215 cu _ in. 
Stroke is 2.80 in. and the bore is 
3.50 in. Compression ratio is 
8.8/1. The Buick 4000 engine de- 
velops 155 maximum bhp at 4400 
rpm. 

The engine pan rail has been 
brought below the crankshaft 
centerline to give maximum 
strength and rigidity to the block. 
Blocks and heads are semi-perma- 
nent mold cast by General Motors 
Central Foundry Division. A cast 
Armasteel crankshaft is used. 

Centrifugally cast alloy iron 
sleeves are cast integrally with 
the block. Valve-seat inserts and 
valve-guide inserts are used. The 
intake manifold, similar in design 
to the present Buick V-8, is cast 
aluminum. 


A slight depression in the piston 
forms part of the combustion 
chamber. The round combustion 
area in the head is relatively shal- 
low. Spark plugs are located ap- 
proximately in the center of the 
head. 

An outstanding feature of the 
Buick 4000 aluminum V-8 engine 
is combining the timing chain 
cover, oil pump cover, and the base 
for the oil filter in a single die-cast 
subassembly. The oil pump cover 
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CYLINDER 
BLOCK SLEEVE 
BUICK mold cast- 
aluminum cylinder block has integral 
cast-iron cylinder sleeves 
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SLIGHT DEPRESSION in the piston 
forms part of the combustion chamber 
on Buick 215 cu in. aluminum engine 
Spark plugs are located nearly in the 
center of the chamber 
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SINGLE DIE CASTING 


serves as the base for the oil filter. 
In addition to elimination of as- 
sembly costs, a substantial reduc- 
tion in manufacturing cost and 
weight of the engine has been ac- 
complished by this unusual de- 
sign. 

By the use of lightweight pis- 
tons and connecting rods, the 
Buick 4000 engine has also made 
possible a reduction in crankshaft 
weight. The crankshaft, inci- 
dentally, requires no metal re- 
moval from the cheeks or the out- 
side surface of the counterweights. 
Except for the bearing surfaces 
and the ends, no machining is re- 
quired on the crankshaft. Coun- 
terweights were designed to take 
out the inherent couple in a V-8 
engine; this design also permits 
relatively constant clearance with 
respect to the pistons.! 

The Oldsmobile Rockette en- 
gine used in the F-85 is an Olds 
design. Aluminum blocks and 
heads are furnished by GM’s Cen- 
tral Foundry Division. Machined 
blocks are supplied by Buick. All 
other machining and all assembly 
operations are performed at Lan- 
sing. 

The 215 cu in. F-85 engine has 
a compression ratio of §8.75/1. 
Bore is 3.5 in. and stroke 2.8 in. 

Combustion chamber is wedge- 
shaped, similar to the Rocket en- 
gine. The new aluminum engine 
has 12 main water passages. 

Olds’ F-85 air cleaner encloses 
the carburetor but major adjust- 
ments can be made from the out- 
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side. The new design provides 
better protection against weather 
and improves silencing. 

Olds is using six bolts per cylin- 
der to fasten down the semi- 
permanent-mold cast-aluminum 
head. 

The alloy used for all major 
components is Aluminum 356. 
This includes the cylinder block 
and head, intake manifold, clutch 
housing, and water pump. Cast 
iron is specified for cylinder liners, 
valve guides, main bearing caps, 
and exhaust manifold. 

This is the first Oldmobile in 
modern times to have a cast 
crankshaft. Forged crankshafts 
are used on other Olds engines. 

A 6-cyl overhead-valve cast-iron 
engine powers the Dodge Lancer. 
Displacement is 170 cuin. An op- 
tional engine of similar design 
displaces 225 cuin. Both engines 
are inclined at an angle of 30 deg. 
Compression ratio is 8.2/1. 

A three-point engine mounting 
on the Lancer utilizes the mass of 
the engine as a dynamic vibration 
absorber. The mountings are 
tuned to the car structure so that 
suspension-excited vibrations are 
damped out by oppositely phased 
oscillations of the engine. The 
mountings employ large rubber- 
steel sandwiches. 

Lincoln Continental engine im- 
provements include a _ quieter 
single coil, constant-pitch valve 
springs, an improved distributor 
with heavy-duty points, a carbu- 
retor bypass system, stepped-di- 


ameter camshaft journals, and a 
camshaft drive sprocket having 
nylon teeth. 

Filtered air is fed to the choke 
to prevent dirt accumulation in 
the choke housing. 

Lincoln Continental is also 
using a vapor-separating unit on 
all air conditioned cars to elimi- 
nate vapor lock. The vapor sepa- 
rator bleeds off any fuel vapors 
before they can enter the carbu- 
retor. A float needle and seat 
closes the bleed-off orifice when 
the proper amount of fuel is in 
the bowl. 

Lincoln Continental has a spe- 
cial “Select Fits” program for its 
1961 engine. Select fits will be 
used on main bearings, main jour- 
nals, tappet bores, intake and ex- 
haust valves, connecting-rod bore, 
and bearings. In addition, many 
other tolerances have been cut 
in half. 

Brakes, filter, engine idle, and 
other items normally requiring ad- 
justment by the dealer have been 
designed to avoid early service. 
Engines are run 3 hr at 3500 rpm 
for break-in before the car is 
turned over to the dealer. All cars 
are given a 12-mile road test at 
the factory. These and other 
steps are being taken to avoid 
early dealer service. Customer 
service is unnecessary on the Con- 
tinental up to 6000 miles, Lincoln 
engineers are suggesting this year. 

The Lincoln Continental has 
low friction valve rotators made 
by Eaton Mfg. Co. operating at 
idle speeds instead of waiting 
until the usual 1800 rpm have been 
reached. This avoids hot spots at 
all running speeds and promotes 
longer valve life, it is argued. 

A positive crankcase ventilating 
system will be installed on all 
Chrysler (and other cars) cars in- 
tended for sale in California. 
Chrysler (and others) route crank- 
case vapors into the intake mani- 
fold, from which they pass into the 
cylinders and are burned. This 
replaces the conventional system 
used on standard cars and consists 
of a special carburetor, a spring- 
loaded valve mounted in the small 
steel cylinder on the rocker arm 
cover through which crankcase 
gases are normally vented, and a 
flexible tube connecting the valve 
and carburetor. The specially cal- 
ibrated carburetor contains a fit- 
ting just below the throttle blades 
into which crankcase vapors are 
drawn by the suction in the intake 
manifold. Since there is flow 
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CONNECTING TUBE 


NTAKE MANIFOLD 


through the breather system all 
the time the engine is running, 
better crankcase ventilation is ob- 
tained at idle and low speeds. Es- 
sentially the same method is used 
by all car producers in the indus- 
try. 

An increase in the stroke and 
other refinements have resulted in 
a power increase of 18% in the 
Falcon 170 cu in. 6-cyl engine 
(compared with the 144 cu in. en- 
gine). Increase in weight is only 
2%. Included in the engineering 
changes are a heavier crankshaft, 
new slipper pistons, new cylinder 
head, larger intake valves, new 
bearings, and a 15-in. fan. The 
carburetor is also new; a larger 
choke plate offers improved cold 
engine performance. 

Compression ratio of the 6-cyl 
Chrysler engine has been reduced 
during the 1960 run from 8.5 to 
8.2. A cast-iron manifold replaces 
an aluminum manifold. Valve 
timing on the 225 cu in. six has 
been advanced 8 deg by re-index- 
ing the camshaft. Two-stage 
stepup jets have been extended in 
usage to include all V-8 engines. 

Chrysler carburetor float needles 
are tipped with high-grade syn- 
thetic rubber. The rubber tip 
makes a resilient and positive seal 
between the needle valve and its 
seat, virtually eliminating carbu- 
retor flooding caused by particles 
of dirt between the needle valve 
and seat. If dirt particles are 
present, they are temporarily em- 
bedded in the soft rubber so that 
the valve closes tightly with no 
leakage paths. 

Displacement of Corvair has 
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been increased to 145 cu in. from 
140 cuin. Stroke remains at 2.60 
cu in. Greater torque has made 
possible introduction of a new 
economy axle. 

The air induction system has 
been simplified. Gasoline metered 
to the venturi cluster is more ac- 
curately proportioned to available 
air volume. A new engine tem- 
perature gage has been installed 
in the cylinder head, replacing an 
oil temperature sending unit. The 
high-performance engine horse- 
power is increased to 98 at 4600 
rpm. 

Cadillac engine position has 
been lowered, contributing to low- 
ering of the floor of the car. Fly- 
wheel size has been reduced and 
the new oil pan is shallower. The 
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full-flow filter is retained. A poly- 
urethane element replaces a paper 
element in the air cleaner. The 
3 x 2 carburetor has been dropped. 

Rambler American for 1961 ex- 
emplifies a growing trend in U. S. 
passenger-car engines. The 1961 
Rambler American, for example, 
offering two engines and three 
transmissions and a choice of two 
axle ratios, can now provide a wide 
range of engine-transmission-axle 
combinations. Thus, a choice of 
economy or performance, or a 
combination of the two can be 
offered to the prospective buyer. 

The Comet will be available 
with either the 144.3 cu in. or an 
optional 170 cu in. in the 6-cyl 
line. 

The cylinder head has a new 
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and intake valves 
are larger. The larger capacity 
carburetor has revised venturi 
bore and calibration. The engine 
has new main bearings and a 15- 
in. diameter fan. 

Mercury is offering a 6-cyl en- 
gine for the first time in its his- 
tory. The new Mercury engine 
has a more rigid mounting for the 
vacuum booster pump, new slip- 
per-type pistons with a dish-type 
dome, and dual valve springs with 
secondary spring damping wound 
in the opposite direction to the 
valve spring. 

Pontiac standard engines will 
use sintered valve rocker arm balls, 
replacing steel. Bearing area is 
larger. Also, valves and push-rods 
are shorter and their weight has 
been reduced. 

New cast-iron cylinder heads 
are also lighter in weight. 

Displacement of the Olds Dy- 
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namic 88 Rocket engine has been 
increased from 371 cu in. to 394 
cu in. This engine operates on 
regular-grade gasoline. 

A new engine for the Super 88 
and 98, with a 4-barrel carburetor, 
has a revised induction system, in- 
cluding a new camshaft. Com- 
pression ratio has been increased 
to 10.0/1. 

Studebaker-Packard’s new 6- 
cyl 170 cu in. overhead valve en- 
gine develops 112 hp at 4500 rpm. 
This represents a substantial in- 
crease in horsepower and a re- 
duction in friction torque over the 
previous S-P 6-cyl L-head engine. 
Compression ratio is 8.5/1. 

Among the new design features 
of the engine are (1) a ram-type 
manifold with unusually large 
passages in the head and throat, 
(2) kidney-shaped combustion 
chamber, (3) a new camshaft with 
a long-ramp, low-acceleration 
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cam, and (4) larger valves. The 
long ramp picks up valve clearance 
more slowly and reduces noise. 
The low-acceleration cam permits 
the use of relatively light-weight 
valve springs, lengthening the 
parts involved. 


Inlet ports measure 1.875 in., a 
46% increase over the previous 
powerplant. Passages in the head 
and throat are 55% larger. 

A staggered valve arrangement 
is made possible by the kidney- 
shaped combustion chamber. The 
engine has a fully counterweighted 
crankshaft. 


In designing the new engine, 
S-P engineers paid particular at- 
tention to weight savings as well 
as to economical tooling. For ex- 
ample: the bore spacing of the 
new engine is identical with that 
of the 1960 engine. The crank- 
shaft centerline is also the same. 
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Transmission and drive-line design changes .. . 


...are playing a major role in the successful move toward a flatter floor. Buick, Oldsmobile, and Pontiac 
have new transmissions. Pontiac’s flexible propeller shaft is the first of its kind. Buick, Olds, and Lincoln 
introduce constant-velocity drive lines. Chrysler offers a new, heavy duty manual transmission. 


UICK 4000 series for 1961 is 

available with the first U. S. 
Dual-Path torque flow type of 
transmission using a converter. 
The new unit is unique in its use 
of an automatic clutching device 
that allows engine torque in direct 
drive to follow two parallel paths 
— one hydraulic, the other me- 
chanical. 

The hydraulic path is from en- 
gine converter pump to turbine 
to planetary gear set to output 
shaft. The mechanical path is 
from engine to converter clutch to 
planetary gear set to output shaft. 

Another feature of the new 
Buick 4000 transmission is the use 
of aircooling. This is a departure 
from previous Buick Dynaflow 
practice. The 1961 planetary gear 
arrangement is like that of the 
Dynaflow except for the use of an a lan — aes 
additional sun gear. In direct “DUAL FLOW” split-torque transmission for Buick Special is aircooled 
drive, this gear locks up to the end Cooling air enters por he engine block and flows down ward through 
of the crankshaft, making possible oles in flywheels to converter pump housing. !t is pumped radially along 
the Dual Path or split drive. A nverter pump vanes by centrifugal action and out through two 
Single planetary gear takes care 0‘ DOTTOM C 
of all forward speeds as well as re- 
verse. A single pump, driven off 
the engine, is used. A parking 
pawl permits transmission brak- 
ing. 

At a predetermined speed, de- n : \ OUTER PUMP 
termined by throttle opening and . ts ‘St OUTLET 
car speed, the converter clutch ~ QQ OS 
engages, obtaining direct drive, 
and engine input is divided — Bal x : 4 
36.6% through the mechanical YNLET “~~ AA TATION © ~ INNER PUMP 
path and 63.4% through the hy- . of 5 OUTLET 
draulic path of the converter. A < " 
low range is provided primarily for 
downhill braking. 

A unique slipper-type pump, 
produced by the Michigan Divi- 
sion, Thompson Ramo Wooldridge, 

Inc. for Buick, permits the use of 

a single pump to replace the two 

pumps used in many automatic 

transmissions. The new dual 

pump cuts out one of its pumps 

automatically when demands on AIN : 

the transmission make it desirable \L-YousING BORE 

for a single pump to take over. 

In the new Buick pump, the wide 
slippers, stroking radially in their 
rotor slots, act as pistons to pro- 
vide a pumping action in addition SLIP 
to normal, vane-type pumping ac- asin 
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tion, which occurs on the outer 
side of the rotor between slippers. 

The new design provides a large 
area of contact between the wide 
slipper and the bore, providing ef- 
fective sealing and maintenance 
of an oil film. Because stresses are 
low, use of powdered metal and 
plastic parts is readily possible. 

The wide slippers are self-align- 
ing on the bore, making close fit- 
ting in the rotor slots unnecessary. 
The rotor is a driving member. It 
is not a support member for the 
vane or slipper. The relatively 
short height of the slipper permits 
the use of small pumping elements, 
resulting in low fluid velocities, re- 
duced cavitation, long life, and 
quiet operation over a wide range, 
it is claimed. 

Displacement of the two pumps 
can be proportioned as desired by 
changing the slipper width. One 
pump can be set for bypass while 
the other pump supplies pressure 
to the system. In the Buick 
pump, the outer pump is bypassed 
when a specific line pressure is at- 
tained, independent of speed. (In 


many transmissions the rear pump 
takes over at a given driveshaft 
speed.) 

Sealing between the “inner” and 
“outer” pump is accomplished by 
floating steel pins that ride free 


between the rotor and the slipper. 
Pressure differences cause these 
pins to seal themselves without 
wedging between the slipper and 
the rotor, acting like check valves. 

Buick is replacing its enclosed 
driveline on all models with a 2- 
piece open shaft. The shafts are 
connected by a spline joint which 
slips to provide necessary travel 
for the lengthening and shorten- 
ing required to accommodate sus- 
pension movements. 

Propeller shafts are connected 
to the axle and transmission by a 
needle-bearing Cardan joint of 


the separable-yoke type. The cen- 
ter sections are connected through 
the double Cardan, constant-ve- 
locity joint. Angles at both the 
transmission and rear axle are 
comparatively small; the large 
angle is divided evenly between 
the two center sections of the uni- 
versal joint. The new design per- 
mits the front and rear propeller 
shafts to run at constant speed. 
The constant-velocity joint 
structures comprising two single 
joints are mounted back-to-back 
and piloted for location by a ball- 
and-socket member. The con- 
stant-velocity feature is said to 
eliminate any couple forces and 
other disturbances caused by the 
rotating center joint, permitting 
optimum driveshaft smoothness. 
The 1961 4000 series is similar 
to the larger Buicks except that 
the taper roller bearing cones are 
mounted on the differential case 
rather than to the outer race. 
Pontiac’s unique flexible pro- 
peller shaft is the first of its kind 
to appear on any car. In the Pon- 
tiac Tempest, a torque tube is 
mounted rigidly to the engine in 
front and to the transmission in 
the rear. The flexible propeller 
shaft has a flanged front end 
which attaches to the engine fly- 
wheel or clutch driveshaft. At 
the rear, the shaft drives a trans- 
mission through a solid junction. 
The flexible shaft is made of 
heat-treated and machined alloy 
steel. Metal removal prior to 
heat-treatment and a finish grind 
following heat-treatment assure 
good surface quality of the shaft, 
which is shotpeened to give opti- 
mum resistance to fatigue. 
Maximum torque on the shaft is 
reported to be 180 ft-lb. Fatigue 
loading of the shaft is far below 
its endurance limit, according to 
Pontiac test results. Angle of 
mounting is 10 deg 30 min. A 5%- 
in. diameter shaft is used with an 
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automatic transmission. 

Ball bearings, lubricated and 
sealed for life, serve as damper 
bearings. These are press-fitted 
over plastic-lined steel half bush- 
ings. Rubber insulation encases 
the ball bearing, which is sur- 
rounded by a 2-piece stamped 
housing. 

No bending of the shaft is per- 
formed prior to installation in the 
car. The shaft and hat-section 
torque tube may be attached first 
at either the transmission or the 
engine end. 

The half-shell bushings or 
sleeves and the inner race of the 
damper bearings are affixed to the 
propeller shaft and rotate with it. 
The bearing assemblies are 
clamped to the torque tube. There 
is also bearing support for the 
driveline in the transmission ex- 
tension. 

Bending of the shaft is accom- 
plished during the installation. 
Tests show loading of the shaft is 
surprisingly low. This may be a 
factor in the successful tests re- 
ported up to the present time. 

Pontiac Tempest will offer a con- 
ventional 3-speed synchromesh 
and a lightweight, aircooled 2- 
speed transmission with auto- 
matic upshift, depending on car 
speed and throttle position. In 
high gear, torque is split 40% me- 
chanical and 60% converter. 

A part-throttle downshift occurs 
at less than 25 mph. Part-throttle 
downshift to low will occur if the 
accelerator pedal is moved to half 
throttle, upshifting subsequently 
at 45 mph. Downhill braking is 
provided by manual downshift.! 

Olds F-85 is using a smaller, 
more compact Hydramatic unit 
weighing 95 lb less than the con- 
ventional Hydramatic. Outstand- 
ing feature of the compact trans- 
mission is a variable ratio first or 
starting gear. In effect, this per- 
mits performance of a 4-speed 
transmission in a 3-speed unit. 
The car starts with 3.64/1 ratio. 
This drops automatically to 3.03/1. 
Second gear has a ratio of 1.58/1. 
Later, the car moves into direct 
(1/1) drive. 

Use of the variable ratio gear 
has made possible elimination of 
an entire set of gears. In part, 
this is responsible for the de- 
creased size of the unit, resulting 
in less intrusion of the floor space 
of the car. Olds will also use a 
constant-velocity driveline built 
by Saginaw Steering Gear Divi- 
sion. 
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Olds engineers have made con- 
siderable progress in reducing ob- 
struction by the _ transmission- 
driveline tunnel. 1960 models 
showed a 20% reduction in tunnel 
intrusion of the passenger com- 
partment; 1961 models show an- 
other 25% reduction. This has 
been accomplished primarily by 
design changes in the transmis- 
sion, driveline, and frame — and 
not by moving the transmission to 
the rear of the car. 

A smaller transmission, mounted 
at 7 deg to the engine, permits a 
smaller front tunnel on the new 
Lincoln Continental. A constant- 
velocity front universal joint has 
permitted further lowering of the 
tunnel. The new driveline utilizes 
a needle bearing slip yoke design 
at the coupling of the transmis- 
sion output shaft to the drive- 
shaft. The needle bearing permits 
quiet fore-and-aft movement at 
the splines, and makes possible 
smooth transference of engine 
torque through the driveline. 

Lincoln Continental’s needle 
bearing slip yoke is reported to be 
one of the first of its kind used by 
the U. S. auto industry. The new 
joint is particularly helpful in 
eliminating noise. 

Chrysler Corp.’s new heavy-duty 
manual transmission is designed 
to meet the increasing demand 
for manual transmissions on large 
V-8’s. It has torque capacity ade- 
quate for the largest Chrysler V-8 
engines, and yet it is a compact 
unit which fits under the smaller 
floor pan humps of the new cars. 

Gear ratios of the new trans- 
mission are 2.55 in first, 1.49 in 
second, 1.00 in third, and 3.34 in 
reverse. All gears are helical for 
quiet operation, and heavy-duty 
pin-type synchronizers are used 
on second and third gears. Gear 
center distance is 314 in. Ball and 
needle bearings are used through- 
out the new transmission. 

The transmission case and ex- 
tension are iron castings. “Closed 
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case” construction, in which the 
entire case is cast as a unit, pro- 
vides necessary strength and is 
lighter than the “open” construc- 
tion used in older Chrysler trans- 
missions. 

The new heavy-duty transmis- 
sion is the standard manual trans- 
mission with 361 and 383 cu in. 
V-8 engines, and is used on Ply- 
mouth, Dodge, DeSoto, and Chrys- 
ler models. A floor-mounted shift 
lever is used. 

A three-speed, floor-shift man- 
ual transmission is standard on all 
Lancers, and a three-speed light- 
weight automatic with push-but- 
ton control is optional equipment. 
Aluminum is used extensively in 
the automatic transmission, re- 
sulting in a weight saving of ap- 
proximately 100 lb compared to 
the TorqueF light automatic trans- 
mission used with V-8 engines in 
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other Chrysler Corp. cars. 

Ford’s 1961 Cruise-O-Matic is 
25 lb lighter than the previous 
model. The transmission is now 
controlled by vacuum rather than 
mechanical linkage. Transmis- 
sion response is said to be im- 
proved substantially. 

The 1961 Ford rear axle uses a 
pinion pilot bearing of smaller di- 
ameter than the previous design. 
This has made possible increased 
carrier strength and improved 
bearing load distribution. Ford 
driveline universal joints have 
end-relieved needle rollers, im- 
proved surface finish, and more 
rigid bearing cups at the flanges. 

Both the transmission and the 
engine of the Cadillac have been 
lowered. A new kind of rubber 
support for the intermediate pro- 
peller shaft bearing gives quieter 
and smoother operation. 








Chassis and suspensions .. . 


... are undergoing major changes. 
velopment is permitting wheels to move slightly backward as well as 
upward when small obstacles are encountered. Olds, Buick, and Pon- 
Grease fittings are disappearing. 


tiac have new frames. 


INCOLN Continental’s “Silent 

Strut” suspension features a 
new method of attaching the front 
Suspension lower arm to a body 
cross-member by the use of an 
isolated strut. A thick rubber, 
bayonet-type bushing is used, 
which allows a slight rearward 
wheel displacement. 

Rubber and polyurethane seals 
are used to retain the special 
lubricant provided for ball joints. 
The steering linkage utilizes a split 
nylon sleeve, eliminating the ne- 
cessity of lubrication. No shims 
are required for wheel alignment 
and caster-camber adjustment 
has been improved. 

Front and rear shock absorbers 
have rebound cut-off feature. 

New rear springs are 60 in. long 
and 2% in. wide. Method of at- 
taching the spring at the front 
eye has been improved by the ad- 
dition of a 2-in. diameter rubber 
bushing, permitting a slight rear- 
ward wheel movement on severe 
bumps. A sheetmetal box struc- 
ture, lined with 4-in. butyl rub- 
ber, completely insulates’ the 
spring. The butyl rubber prevents 
metal-to-metal contact between 





FRONT AND REAR WHEELS on the 
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the spring and the axle, regardless 
of severity of the bump. 

Mercury is featuring a new 
“Cushion-Link” suspension. The 
new system provides better cush- 
ioning against road shock at all 
four wheels, particularly slight 
bumps from tar strips and small 
irregularities in the road. 

A 2-pin shackle arrangement is 
used at the front pivot pin of the 
front suspension. The upper pivot 
pin provides for vertical wheel 
travel. The lower pivot pin per- 
mits the arm, together with the 
wheel, to move slightly to the rear 
when horizontal force is applied. 

A large elliptical rubber bush- 
ing surrounds the upper pin, con- 
trolling and absorbing horizontal 
movement. As a result, the ellip- 
tical rubber bushing functions 
somewhat as a shock absorber. 

The rear suspension has a ten- 
sion shackle at the front anchor 
of the rear spring. Horizontal 
movement of the wheel and spring 
swing the shackle about its two 
pivot points. Control and amount 
of movement are obtained by an 
extended arm on the _ shackle 
which is mounted in rubber. 
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An outstanding engineering de- 





The design has these advan- 
tages: (1) all four wheels are able 
to recede slightly, (2) there is sen- 
sitivity to absorb very light load 
shocks while offering increased 
resistance as the shock increases. 

All Ford chassis lubrication 
points are now pre-lubricated at 
the factory with a special grease 
containing a molybdenum disul- 
phide base. This has made it pos- 
sible to remove all grease fittings 
from the car. Small threaded 
plugs replace the usual grease 
fittings. Special instructions cover 
lubrication at 30,000 miles or two 
years, whichever comes first. 

Ford has achieved a better bal- 
anced body-frame_ relationship. 
Many of the changes made have 
been developed following exten- 
sive computer calculations by Ford 
engineers. For instance, by 
changing the thickness of the 
inner frame rail and making other 
adjustments, Ford is able to make 
more effective use of the frame 
as a filter and as a damper. Body 
and engine mounts have been re- 
designed. Additional bracing has 
been added as required. A new 
butyl puck provides more effective 
insulation of the body from the 
chassis. 

Falcon has reduced the rear 
spring rate for both sedans and 
station wagons by 10%. A smaller 
front stabilizer bar is _ used. 
Threaded, pre-lubricated metal 
bushings are specified in the front 
suspension upper arms. 
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Pontiac’s front suspension lower 
arm is swept back farther for bet- 
ter antidive control. A new 4- 
link rear suspension offers greater 
stability, better ride, and improved 
resistance to shake. Sound ab- 
sorption is also reported to be im- 
proved. In the rear suspension, 
heat-treated coil springs are 
mounted over the axle and have a 
rubber shim between the spring 
and the frame. Springs are at- 
tached over the axle to provide a 
softer ride with reduced shake. 

New lower control arms have 
rubber bushings, and are angled 
inward toward the center of the 
car. Combined with new upper 
links this design is reported to 
provide improved handling. 

Each upper control arm has rub- 
ber bushings at points of attach- 
ment on the differential housing 
and on the frame cross-member. 

Two separate upper control 
arms replace the A-frame-type 
single upper arm to give improved 
Stability. 

Pontiac’s new Perimeter frame 
has no diagonal members, which 
permits lowering the floor and a 
substantial improvement in seat 
height and passenger comfort. 

The Pontiac Tempest independ- 
ent front suspension has an A- 
frame-type upper control arm and 
a cantilever-type lower control 
arm with a compression strut. 
Stamped steel control arms are 
specified. Wheel caster angle may 
be adjusted by varying the effec- 
tive length of the strut. Tops of 
coil springs seat against rubber 
shims. Half ball joints have phe- 
nolic seats. Tapered roller front 
wheel bearings are used. 

Swing-axle independent rear 
Suspension has the rear cross- 
member rubber-mounted to the 
integral body at four points. The 
differential and final drive gear- 
case is mounted to the sprung 
mass of the car. Axle shafts are 
driven through a universal joint 
on each side of the differential. 
Control arms are of the boxed sec- 
tion A-frame-type. 

A completely new frame will be 
used on Olds’ larger lines of cars. 
Instead of the cruciform structure 
with diagonal bracing, Olds uses 
full box section members extend- 
ing all around the car. In place 
of the usual X-members, Olds is 
using torque box reinforcements 
to brace the four corners of the 
central section. The new design 
is reported to give greatly in- 
creased resistance to twisting and 
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SWING- 
AXLE REAR 
INDEPEND- 
ENT SUSPEN- 
SION used on 


mr 


provides greater structural rigid- 
ity. It also provides a strong, 
wide step for both front and rear 
doors of the car. 

The Olds F-85 has a completely 
new ball-joint-type front suspen- 
sion. The steering gear is mounted 
to a rubber-cushioned cross-mem- 
ber. 

Coil suspension is used in the 
rear of the car. The twin-triangle 
unit has two rubber-mounted links 
on each side, connecting the axle 
and the differential to the side 
rail structure. The outer links 
transmit driving and braking 
forces and also control vertical 





FORD is _ pre-lubri- 
cating a number of 

f nts at the 
factory with a spe- 
cial grease having a 
molybdenum disul- 
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Inner links control lat- 
eral stability. 

Greater rigidity and improved 
ground clearance of the differen- 
tial housing are provided by the 


stability. 


new suspension. Axle housing 
tubes are welded to the differen- 
tial. 

Modification of its ball-joint 
front suspension has made it pos- 
sible for Olds full-size cars to re- 
duce the number of lubrication 
points from 12 to 4. Periodic lub- 
rication is now required only at 
the ball joints. 

A 4-link coil suspension is used 
in the rear for 1961. Upper links 
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are angle mounted from the rear- 
axle housing to the frame; lower 
links are parallel mounted from 
the housing to the frame. The 
design is not changed substan- 
tially from the Olds air suspen- 
sion, except that coil springs are 
substituted for air bags, thus tak- 
ing advantage of much experi- 
mental work on suspensions un- 
dertaken by Olds in recent years. 
A softer ride with minimum dip- 
ping is claimed for the new sus- 
pension. 

Elimination of the torque tube 
has permitted introduction of an 
entirely new Buick rear suspen- 
sion. In this design, a pair of 
lower control links is connected 
to the frame at their front ends 
and to a bracket attached to the 
lower axle housing at the opposite 
ends. An adjustable third link 
prevents rotation of the axle hous- 
ing. The third link assembly is a 
2-piece construction, with each 
piece having a series of vernier- 
spaced holes and one slotted hole. 

A reduction of 8 lb has resulted 
from redesign of the differential 
carrier. A track bar and cross- 
member assembly maintain a lat- 
eral relationship between the rear 
axle and the frame-body construc- 
tion. 

Front wheel hubs have been re- 
designed to permit the use for the 
first time by Buick of tapered 
roller front-wheel bearings. The 
redesigned front suspension has 
made possible a reduction in size 
and weight of the hub casting, 
with a potential improvement in 
life and bearing performance. 

Buick’s new cruciform frame 
has permitted weight reduction 
of approximately 30 lb on the 
LeSaber and the Invicta and 70 
Ib on the Electra. Greater tor- 
sional rigidity, improved stiffness, 
particularly at the corner posi- 
tions, and improved floor design 
have resulted from the change. 

A substantial part of the weight 
reduction has been accomplished 
by elimination of the side rails, 
permitting a reduction in the rear 
sill step-over. The new frame is 
of box-section, all welded con- 
struction. 

Cadillac is now offering an en- 
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tirely new front suspension. Sus- 
pension arms have rubber mounts, 
avoiding metal-to-metal contact. 
The single lower control arm has 
a tension strut rod that controls 
fore-and-aft movement as well 
as up-and-down motion. This 
greatly reduces the impact of 
small irregularities on the road 
such as tar strips. Air suspension 
has been dropped for 1961. 
Cadillac this year is offering a 
lubrication-free chassis. Chang- 
ing engine and transmission oil, 
and checking the oil level of axle, 


New brake designs . 


steering, and brake fluid are all 
of the attention necessary. 
Oriflow-type shock absorbers on 
Chrysler Corp. cars have been re- 
designed for quieter operation. 
The base valve seat has been made 
narrower, with shallower grooves. 
This reduces the hydraulic force 
needed to open the valve, and it 
opens smoothly and quietly. 
Six-cylinder Plymouths and 
Dodges now have five rear-spring 
leaves instead of four to give 
longer life without altering ride 
characteristics or load-carrying 


... reflect the large amount of research and development work on the 


test track and on the expressway. 


Present trend toward larger drum 


swept areas may not hold up. More fin cooling adopted. Greater safety 


designed into parking brakes. 


ADILLAC front brakes have 

been moved outward into the 
airstream. Fins have also been 
added to provide additional cool- 
ing. There has been no sacrifice 
in wheel offset or kingpin inclina- 
tion. Coupled with new drum 
flanges, these improvements give 
a reported 59% increase in front 
brake cooling capacity. Stopping 
distance has been improved, with 
an increase in the brakiny cffort 
on front wheels. 

Brake drums for the 1961 Buick 
4000 series are gray iron. h 
brake design features maximum 
drum-swept area with a car weight 
to swept area ratio of 12.05 psi. 
Total swept area is 224 sq in. The 
new parking brake mechanism 
has a pull-type operating handle. 
Release is accomplished by rotat- 
ing the handle. 

Drum swept area of the Buick 
4400-4600-4700 series has been in- 


Wheel Cylinder Link 







creased from 303 sq in. to 321 sq 
in. Primary linings have the cen- 
ter groove used previously; the 
secondary shoe does not have a 
center groove. This allows full 
width contact of the secondary 
shoe. 

To assure return of the brake 
shoe to the correct position, Lin- 
coln Continental has hard chro- 
mium-plated eight spots on the 
backing plate ledge. Drum swept 
area is actually smaller than a 
year ago but recent design 
changes, some resulting from 
studies of lining materials and 
their compatibility with drums, 
have made it possible for Lincoln 
to claim an increase of as much 
as 100% in brake life in the 1961 
model. Another step taken this 
year has been tighter sealing to 
prevent dust and dirt accumula- 
tion inside the drum. 

Flared cast-iron drums are used 
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capacity of the car. 

Torsion-Aire suspension on the 
Lancer assures an unusually flat, 
smooth ride, and the favorable 
front-engine weight distribution 
provides safe, predictable, corner- 
ing characteristics and freedom 
from wander on crowned roads 
and in gusty crosswinds. 

Reapportioned X-members of 
Cadillac have made possible a 
lower floor. Weight and strength 
are retained. Lowering of the 
frame is a factor contributing to 
lowering of the front floor. 


on Lincoln sedan models. Flared 
aluminum drums with cast-iron 
liners will be used on front only in 
convertibles. An improved brake 
booster has reduced the pedal ef- 
fort required to make a stop by 
20%. 

Greater contact between the 
brake lining and the drum is pro- 
vided in the new Ford brakes. 
Pedal geometry has been revised 
to increase the mechanical ad- 
vantage and, therefore, reduce 
pedal effort. Linings are thicker 
and have more return-to-off 
spring action. A self-adjusting 
mechanism adjusts the shoes au- 
tomatically. The system is actu- 
ated by application of the brakes 
during reverse braking. 

Olds has a new anchor pin con- 
struction which insures constant 
correct relationship between the 
anchor pin and the brake shoes. 

Chrysler has reduced parking 
brake effort by the adoption of a 
longer pedal arm, which increases 
the mechanical advantage of the 
system. A new release lever, 
adopted during 1960, must be 
pulled outward before it is pushed 
down to release the parking brake. 
The extra motion makes it almost 
impossible to release the brake 
inadvertently by striking the re- 
lease lever. A similar system is 
used on Plymouth. 

Comet brakes are lighter in 
weight and swept area has been 
increased. 

Full-circle wheel openings and 
ventilated wheel covers (optional) 
promote Lancer brake cooling. 

Rambler American has adopted 
suspended brake and clutch pedals 
for 1961. 

Studebaker-Packard is specify- 
ing bonded brake linings. Effec- 
tive lining areas have been in- 
creased 22% on 6-cyl models, 
1914% on V-8’s. 





Exhaust systems... 


. . Should give longer life. 


by American Motors. 


MERICAN Motors is the only 

U. S. car manufacturer offer- 
ing a ceramic-coated muffler and 
tailpipe. 

Using a process for coating steel 
with ceramic material developed 
by Bettinger Corp., the Walker 
Mfg. Co. is producing ceramic- 
coated mufflers and tailpipes for 
AM on an exclusive basis. 

The coating process involves 
dipping the muffler assembly and 


Electrical equipment 


Dual mufflers are disappearing rapidly. 
Ceramic muffler, designed to serve for the life of the car, is introduced 


tailpipe in a slurry of borosili- 
cates, clay, borax, titanium oxide, 
and other refractory agents. After 
fire hardening in a continuous 
furnace at 1500 F, the ceramic 
coating is approximately 0.003- 
0.006 in. thick. To permit dipping, 
the muffler had to be completely 
redesigned. 

After coating with ceramics, two 
protective layers are provided for 
the muffler. Asbestos insulation 


is applied and a 25 gage galvanized 
steel jacket protects against stone 
and other objects that might dam- 
age the muffler unit. 

Lincoln Continental will use all 
flanged and bolted joints on the 
muffler. There are no slip joints. 
This step has been taken to pro- 
mote longer muffler life. The Lin- 
coln exhaust system is fully alu- 
minized. 

Cadillac has a new, single-type 
exhaust system. The unit has 
been designed particularly for 
long life. 

Ford is offering an aluminized 
muffler and tailpipe. A double- 
wrapped muffler is specified, plus 
a laminated exhaust pipe. The 
cylindrical, 3-chambered inner 
shell is aluminized on both sides; 
the outer shell is galvanized on 
both sides. 


Continental: 
1. They provide uniform wiping 


... must be made more reliable on passenger cars and a major effort under all driving conditions. 
is being made to pre-test equipment and simplify servicing. Wiring and 
switches are designed to be more foolproof both from the standpoint of 


installation and operation. Miscellaneous accessories, both electrical 


2. They permit infinitely vari- 
able speed. 


and hydraulic, are being redesigned, with addition of more power. 


SINGLE word, “reliability,” 

describes the most important 
trend developing today in the elec- 
trical systems of U. S. motor cars. 
Pre-testing of electrical equipment 
is increasing. Serviceability of 
electrical equipment is also im- 
proving. 

A TV screen is now used to iden- 
tify defects in electrical harness 
that is pre-tested before installing 
in a Lincoln Continental. The 
Single circuit under test is readily 
identified. Test loads are several 
times greater than normal operat- 
ing loads. 

The Lincoln Continental 80-amp 
battery is probably the largest in 
the passenger-car industry. 

Additional nylon coating is used 
by Lincoln on all instrument panel 
wiring. All ignition wires are 
coated with Hylalon to avoid power 
loss. 

The generator has a lower cut- 
in point to provide output at lower 
engine speeds. 

A new starter uses positive en- 
gagement, eliminating false starts. 

The voltage regulator includes 
a double contact voltage limiter, 
a molded cover gasket, and nylon 
washers. 
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Chevrolet has a removable con- 
sole to which all dials, telltale 
lights, instruments, and controls 
are mounted. The single assembly 
or bench-type wiring harness con- 
tains all wires running between 
the instrument console and a 
dash-mounted junction block. 
This precludes the chance of loose 
wires, insulation chafing, and pos- 
sible short circuit. 

Ford (and others) are offering 
an electrical alternator as optional 
in place of the usual generator 
system. 

Increasing production capacity 
at Chrysler Corp.’s_ electrical 
equipment manufacturing facili- 
ties is reflected in wider use of 
Chrysler-built electrical compo- 
nents. The alternator, introduced 
on the Valiant in 1960, appears on 
all Chrysler Corp. cars for 1961. 
The solenoid-shift starter, form- 
erly used on DeSoto, Chrysler, and 
Imperial, is now used on all V-8’s. 
The Chrysler-made -distributor 
features a die-cast aluminum 
housing and _  nylon-content 
breaker points. 

Several advantages are claimed 
for the new hydraulic windshield 
wipers installed on the Lincoln 


3. They offer unique ability to 
wipe a nearly dry windshield (with 
an 18-in. blade). 


A separate electric pump is used 
for the windshield washer. Pres- 
sure of the water stream has been 
increased substantially. Aiming 
is accurate, even at very high 
speeds. 

There is no slowdown during ac- 
celeration. The hydro motor de- 
rives its power from a return line 
of the power steering mechanism. 
A coordinated windshield washer 
cycles eight times at medium 
speed. Amount of water is con- 
trolled by a pushbutton. 

To provide a better spray pat- 
tern, Rambler’s windshield wiper 
nozzles have four holes each. The 
overlapping type is used on the 
American. The powerful piston- 
type booster pump provides 15 to 
100 cpm. 

The rocker arm of AM’s combi- 
nation vacuum booster and fuel 
pump is activated by an eccentric 
on the engine camshaft. The pis- 
ton booster pump operates in 
series parallel with the wiper mo- 
tor and manifold vacuum source. 
When the vacuum falls below 14 
in. (Hg), the piston booster sup- 
plies auxiliary power to the wiper 
motor. 
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The Carter piston booster is 
double-acting. Valves are spring- 
loaded rubber wafers. Design 
simplicity is indicated in the sec- 
tional drawing. 

A new electrically driven wind- 
shield washer is available for 
Chrysler and Imperial. The new 
washer gives the driver complete 
control of the wash-wipe cycle. 
Power is supplied by a d-c motor 
less than 1% in. long. It drives 
a positive-displacement pump to 
send four 13-psi jets of fluid 
against the windshield. 

New tandem action, overlap 
electric wipers are available for 
the Pontiac Catalina and Ventura 
series. Wiper blades are 15 in. 

For the Pontiac Star Chief and 
Bonneville, and optional on the 
Catalina and Ventura, overlap- 
type, 60-80 cpm electric wipers 18 
in. long are offered. 
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Air conditioning and heating... 


... Air conditioning trend is to faster cooldown, increased fresh air 
New units are being designed particu- 
Chevrolet Corvair gets a perimeter-type heater 


supply, and improved control. 
larly for smaller cars. 
using engine heat. 


ORVAIR for 1961 will use heat 
rejected from the engine and 
distributed through strategically 
located outlets to warm the car. 
The gasoline heater now used is 
being continued. 
In the new free perimeter sys- 
tem heater, hot air from plenum 
chambers surrounding the right- 


and left-hand engine banks is 
transferred through circular ducts 
to a rectangular chamber located 
above the blower. Warm and cold 
air are blended in this chamber. 

American Motors has a com- 
pletely redesigned heating and air 
conditioning system. A _ single 
damper control regulates’ the 


HEATING DIAGRAM for Chevrolet's perimeter warm air heater, C 


let dealers will continue to offer the Chevrolet gasoline heater 
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Sliding Shoe 


heater and defroster air distribu- 
tion. A new centrifugal blower 
has replaced the bladed fan. 

The heater and air conditioning 
units for the 108- and 117-in. 
Ramblers now have a single-con- 
trol damper, eliminating as many 
as four dampers, previously used. 

The heater provides better air 
distribution in the front passenger 
compartment, as well as in the 
rear. The front seat cushions are 
revised at the sides and center to 
provide freer passage of air to the 
rear seat area. The rear distribu- 
tion is accomplished by a center 
door in the heater housing. 

A single housing is used to house 
both fan and heater core. 

The material used is fiber-rein- 
forced polyester resin. The single 
molded housing replaces both 
molded housing and steel stamp- 
ings. After molding, the housing 
is placed in a metal dryer to as- 
sure accuracy in keeping the 
mounting surface flat and 
straight. A soft, closed-cell sponge 
gasket is used for sealing. 

The one-piece molded housing 
gives low tool and piece costs, 
when compared to previous steel 
stampings. The total unit is easier 
to seal and free from rattles. 

The new air conditioning sys- 
tem provides for a separate blower, 
where previously the heater and 
air conditioning were operated by 
the same blower. For faster and 
more efficient cooling, the system, 
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with its own 3-speed blower and 
air passages that are completely 
separate from those of the heater 
system, increases the cold air flow 
10-15%. Adjustable cold air out- 
lets are centrally located at the 
top.of the dash panel. 

Separate fresh air openings are 
provided on the 1961 model, 
whereas fresh air was taken in 
through the heater core of the 
1960 model. 

Improvements 
clude: 


by Lincoln in- 


1. Faster cooldown. 

2. Increased quantity of cool air 
from registers. 

3. Better rear 
cooling. 

4. Simplified assembly and serv- 
icing. 

5. Wider range of temperature 
control. 


compartment 


The large air conditioning evap- 
orator is mounted in the firewall, 
directly behind a retracting air 
conditioning console. The twin 
turbine blower is located in the 
engine compartment. 

To achieve optimum cooling 
without sacrificing engine per- 
formance, an idle speed regulator 
is used. This permits smoother 
idle and less creep at stoplights. 
An electric solenoid automatically 
advances engine idle when the 
air conditioning system is being 
used. 

New air conditioning units for 
the Olds F-85 have been designed 


Steering ... 
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RECEIVER AND FILTER 
HEATING AND COOLING SYSTEM of! 


particularly to meet the require- 
ments of a smaller car. Evapo- 
rator and blower units. are 
mounted inside the car. Air dis- 
tribution is adjustable at both 
ends of the instrument panel. 
Improved supply of fresh air is 
available. The new unit has push- 
button controls. 

A fresh-air heating and venti- 
lating system similar to that on 
the Valiant is an option on the 
Lancer. Pushbutton heater con- 


... Greater accuracy and freedom from vibration are primary objec- 


tives in steering gear design. 
is increasing. 


Use of flexible couplings on manual units 
Lincoln Continental has a cooling unit on its power steer- 


ing. Trend is to lower ratios for power units. 


POWER STEERING 


PUMP 
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DODGE POWER STEERING 
PUMP feature f-tight 


trols are arranged in a horizontal 
row to the right of the instrument 
cluster. A temperature control 
knob slides horizontally beneath 
them. Knobs at either end of the 
instrument panel open the fresh- 
air doors for summer ventilation. 

The Chevrolet deluxe heater of- 
fers quicker response and more 
accurate temperature control, as 
well as improved windshield de- 
frosting and better direction of 
airstream. 


SELF-TIGHTENING power 

steering pump drive is avail- 
able on most Chrysler cars with 
V-8 engines. The pump pivots 
freely on its mounting bracket 
and is located so that, when the 
engine is not running, only the 
weight of the pump pulls against 
the belt. When the engine is run- 
ning, the load imposed on the 
pump by the power steering sys- 
tem causes one side of the belt 
to be tighter than the other. The 
geometry of the pump mounting 
is such that this difference in 
forces tends to pull the pump away 
from the engine, tightening the 


_ belt with a force proportional to 


PIVOT BOLT 


the load on the pump. A high in- 
itial belt tension is unnecessary, 
bearing loads are decreased and 
belt life is lengthened. Belt 
stretch is automatically compen- 
sated for, eliminating the need 
for adjustment. 
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Addition of a cooling unit to the 
power steering unit (Lincoln Con- 
tinental) maintains uniform, con- 
Stant temperature, assuring con- 
stant steering conditions. 

Introduction by Cadillac of a 
smaller steering wheel necessi- 
tated limited changes in the gear 
and pump. Ratio is reduced from 
18.9/1 to 18.2/1, lowest in the in- 
dustry. Steering angle has been 
increased from 36 to 38.5 deg. 
Turning radius is reduced 3 ft. 

The Lancer manual steering 
gear is a low-friction type em- 
ploying ball and needle bearings 
on every part that turns. Gear 
ratio is 20/1. With the optional 


power steering, the ratio is lowered 
to 15.7/1. 

A new flexible coupling in the 
Ford steering shaft has resulted 
in substantial reduction in vibra- 
tion and harshness. The manual 
steering ratio has been increased 
from 20.1 to 22.1. Needle bearings 
replace the bronze bearings used 
previously. 

Manual steering installations on 
Pontiac now have a flexible cou- 
pling at the junction between the 
gear assembly and mast jacket 
and shaft assembly. In the Pon- 
tiac, a forged linkage has replaced 
the previous tubular design. A 
ball joint has been added at the 


lower end of the idler arm. 


Larks are equipped with a new 
design of recirculating ball-type 
steering gear. In addition, the 
caster angle has been changed 
from 21% deg negative to zero de- 
grees, and the knuckle upper 
bushing is a new type, precision 
ground to reduce friction. 


These changes have resulted in 
30% reduced steering effort on 6- 
cyl models, and 10% on V-8’s. 
Steering response, directional sta- 
bility, and recovery after turns 
have all been improved. Power 
steering is now available on all 
Lark models. 


directly to the underbody side sill 


Body engineering... 


and rocker panel, providing, with 
a rear-hinged rear door, a strong 
bulk-head base. Advantages 
claimed for the design include 
minimum door sag, more solid 
closing doors and a better fit and 
seal. 


... Chevrolet’s Greenbrier is the first van-type passenger car to go 
into volume production. Thinner doors reduce car width but not pas- 
senger space. Superwide wraparound windshields and the “dog leg” 
are bowing out. Gains for 1961 are easier entry and exit, better seating, 
more legroom and headroom, and a flatter floor. Today’s trend to 


unitized bodies is mixed. 


ITH an entirely new body, 

Cadillac engineers have con- 
centrated on providing more con- 
venient entrance, increased head 
room, greater chair height and 
leg room, and improved seating 
position. Distance from depressed 
front seat A point to the floor has 
been increased almost 50% on 
some models. Headroom is in- 
creased as much as 2 in. on sev- 
eral models. 

Rear tunnel reduction is due 
mainly to frame changes and a 
redesigned exhaust system. 

This year emphasis has been 
placed on improved comfort for 
the driver and the passenger. 
With elimination of the wrap- 
around windshield, the ‘dog leg”’ 
has been eliminated. 

In the 1961 Cadillac, the frame 
is completely isolated from the 
body structure with new and re- 
located rubber mounts. New 
mounts have been added over the 
rear axle. 

Chevrolet’s van-type sports ve- 
hicle — the Greenbrier — has in- 
dependent suspension and frame- 
integral body engine-in-the-rear 
with forward control. It is the 
first of its kind to be built in large 
volume in this country for pas- 
senger use. 

The frame body is comprised 
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of five substructures: underbody, 
front end structure, right- and 
left-hand side panels, and the roof 
panel. There is a “dropped cen- 
ter” flat floor between the kick- 
ups. Minimum ground clearance 
is 6.6 in. at design load. Capacity 
is 1600 lb. 

Underbody is sprayed by Chev- 
rolet with high Zn content chro- 
mate primer to combat corrosion. 
Enclosed areas are sealed with a 
compound consisting of Al parti- 
cles suspended in a wax base. Be- 
fore welding, underbody flanges 
are treated with a rust-inhibiting 
compound. 

Lincoln Continental has a novel 
“dual density” seat construction, 
providing some of the characteris- 
tics of bucket-type seats but with- 
out requiring separate seats. 
High-density foam rubber 41% in. 
high is used to a depth of about 
one-third of the seat. Lower- 
density foam rubber is used for 
the remaining portion of the seat. 
Application of the body weight 
compresses the less dense rubber 
to a greater degree, providing, in 
effect, a contour-fitting seat that 
resists the tendency for the pas- 
senger to slide on the seat. Foam 
rubber is also used in the back 
of the seat. 

The center door pillar is welded 


Side sills or rails are double box 
members. The front floor is a 
single stamping. Transverse 
cross-members at front and rear 
edges of the front seat provide 
support for front passengers. 
Front torque boxes are located 
under the dash and the toe pan 
between the side sill and front 
suspension assembly. 

Rear floor, extending from the 
rear torque box to the rear of the 
body, is supported by two side 
rails, tied together by a box cross- 
member. 

The competitive position of the 
1961 American is made clearer by 
an analysis of body dimensional 
changes. While the wheelbase re- 
mains at 100 in., overall length 
is 5.2 in. shorter and width is 3.0 
in. narrower. Sedan is 1.1 in. 
lower and the station wagon is 
1.7 in. lower. 

Usable trunk space has been in- 
creased 50% (except on converti- 
ble) by redesign of sheet metal 
and vertical mounting of the spare 
tire behind the rear seat instead 
of flat on the trunk floor. 

Hood width of the Ford has been 
reduced 11 in. Increased fender 
width permits the use of a 1-piece 
upper apron and radiator support. 

Major changes have been made 
in the body side structure to pro- 
vide increased bending rigidity. 
Strengthening these areas assures 
more effective door and window 
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sealing in these cars. 

Ford is specifying tempered 
glass for all side windows in 1961. 

Roof of the new Chevrolet 
standard body is tied in more ef- 
fectively to the lower structure. 
Underbody is reinforced; dash 
panel is strengthened. 

Olds compact F-85 weighs 1500 
lb less than conventional Olds 
models. About one-third of the 
weight savings is attributable to 
the aluminum engine; other sav- 
ings in weight result from a 
smaller body designed specifically 
to save weight while providing 
optimum rigidity and strength. 

Olds F-85 features frame-integ- 
ral construction. Tunnel heights 
are minimized and seat heights 
have been raised. At the same 
time, headroom has been in- 
creased and entry and exit are im- 
proved. 

Horizontal stiffeners have been 
welded to the outer door panels 
on the Mercury to provide added 
door strength. Floor underbody 
is reinforced. Body mounts (16 
on sedans and station wagons and 
18 on hardtops) are designed to 
tune out road vibration. 

Crash pads will be standard on 
all Studebaker-Packard cars. An 
oval steering wheel has been 
improve driver visi- 


adopted to 
bility. 
Covering all floor pans of Lin- 
coln. Continental is an asphalt- 
impregnated felt sound deadener 


weighing 34 psf. Insulating ma- 
terials cover all body access holes 
and openings. Grommets in the 
dash panel area have sound-seal- 
ing features. 

Bands of undercoating are ap- 
plied longitudinally to the out- 
board areas of the underbody. 
Dash panel is insulated with 214 


FLOOR OF CHEVRO- 
LET GREENBRIER — 


+ ‘ +t 


lb density fiberglass, 1 in. thick. 
A blanket of fiberglass 2 in. thick 
is spread over the area beneath 
the instrument panel. 

Door outside panels have felt 
insulator oversprayed with sound 
deadener. Pockets and hollow 
areas (such as those between the 
rear wheelhouse and the quarter 
panel) are filled with cellulose 
wadding-type, sound absorbing 
material. In air conditioned cars, 
l4-in. fiberglass, faced with alu- 
minum foil, is placed at critical 
floor pan areas. 

Underhood sound deadener is 
a fiberglass compound with a black 
outer protective skin. 

Among the areas on the Mer- 
cury to get additional or sound 
insulation are: hood, dash panel, 
cowl sides, steering column, floor 
panel, under rear seat, roof panel, 
instrument panel, and rear wheel- 
house. 

A new hood-silencing treatment 
by Chrysler consists of bonding 
the inner reinforcing panel to the 
outer panel with many drops of 
oven-curing expandable sealer, 
each placed in a critical location. 
The sealer acts as a bond between 
the panels and provides a highly 
effective damping medium. 

Cars equipped with factory 
undercoating have a new under- 
hood silencing pad made up of a 
layer of high-density fiberglass 
plus die-cut blocks of low-density 
fiber glass, which fit in the inter- 
stices between the inner and outer 
panels. Mechanical fasteners pro- 
vide positive retention. 

Lincoln Continental (and others 
producing unitized bodies) are 
taking many steps to protect body 
structural members from the ef- 
fects of both interior and exterior 
corrosion. Dipping to the belt 


line is used to insure complete 
coverage of inside areas. In the 
case of Lincoln Continental, gal- 
vanized steel is specified for many 
interior surfaces. Galvanizing 
and dipping is followed by normal 
painting procedures. 

Front end fender reinforcements 
for Ford models have been com- 
pletely redesigned to provide bet- 
ter drainage and baffling. A 
splash apron, added to the for- 
ward part of the fender, prevents 
corrosion in the headlamp eye- 
brow. 

Chromium thickness on Ford 
plated parts is said to be more 
uniform and anodized coating of 
aluminum parts is 2% times 
thicker than 1960 specifications. 
All Ford rocker panels will be 
made of differentially coated steel 
galvanized on the inside only. 
New seals prevent corrosion 
around headlights. 

The 7-stage Chrysler Unibody 
corrosion protection process has 
been improved by the addition of 
two steps: (1) the application with 
a lance-type spray gun of primer 
to the inner surfaces of the body 
sills, and (2) a coating of wax- 
like compound on the inner sill 
surfaces after the primer coats 
have been oven-dried. These 
steps insure total protection of 
the vital sill structure. 

Rocker panels for Mercury are 
galvanized for improved rust pre- 
vention. Weld sealers and primers 
are used between welded parts 
to provide a protective coating in 
areas where moisture evaporates 
slowly. A 5-step cleaning and 
rustproofing precedes application 
of primer and painting. Abra- 
sion-resisting mastic protects 
fenders and areas likely to be 
chipped by stones. 
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Turbines Safer 


and More Reliable 


... than piston engines, say airlines. 


T. J. Harris 


URBINE performance in airline service has been 

excellent and has increased the safety and re- 
liability of operation. Turbines are by no means 
perfect but even with their deficiencies, which are 
in process of being corrected, they have exceeded 
the expectations of operators. 

When a comparison is made with the piston en- 
gine, the credits very definitely outweigh the debits, 
and the margin in favor of the turbine is increasing. 

Here are the credits and debits for the turbine as 
seen by airline operators: 


Credits 


Rate of increase in time between overhauls — The 
rate has been spectacular; 2 to 2.5 times as fast as 
the piston engine. 

Aggregate service life between overhauls — This 
is expected to be 14 to \» again as great as that of 
the best piston engine. A TBO of 1000 hr has been 
reached by many and it will become greater, es- 
pecially for cold sections. 

In-flight shutdown rate — Significant 
ment over the piston engine. 

Engine failures — When the turbine is right, the 
rate is about twice as good as that of the piston 
engine. One airline reports no failures in its most 
recent three months of operation and about double 
the number of engine hours per basic premature 
removal in contrast with its piston engines. 

In service defect rate — Flight squawks as distinct 
from engine failures are reported to be less. One 
operator puts the figure at 5-10% of that normal 
for piston engines. 

Delay rate due to prime mover — About 50% that 
of the piston engine. The improvement in basic 
engine reliability has shown up deficiencies in com- 
ponents hung on it or on the power package. 

Rate of engine defects — Fewer and usually con- 


improve- 
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Performance exceeds expectations 


fined to bearings or turbines. 

Engine trouble-shooting — There are fewer things 
to go wrong and what does misbehave is more ob- 
vious. 

Secondary effects of engine failures — Safer in 
this respect. 

Engine operating procedures — Easier, 
larly with the pure jet. 

Engine inter-overhaul maintenance — About 50% 
that of the piston engine. 

Oil use — Changes nil; consumption negligible. 

Accessibility — Much improved. Fewer parts 
likely to require change in service. 


Debits 


Fuel quality — Standards are higher than for a 
piston engine. Dirt and water are intolerable. 

Foreign body entry — Susceptibility is higher and 
more time and money are required to keep runup 
areas clean. However, the problem is not as serious 
as anticipated. 

Engine starting — More critical, expensive, and 
costly to maintain. Some operators report per- 
formance unsatisfactory. 

Engine rectification after failure — Likely to be 
more expensive because of component cost. 

Engine overhaul — Material costs appreciably 
greater and more floor space required. 


particu- 


Serving on the panel which supplied the facts 
for this article were the secretary and W. D. 
Sherwood, Trans. World Airlines (chairman) ; J. 
E. Conner, Pan American World Airways; W. R. 
Neely, American Airlines; Ray Peck, Pratt & 
Whitney Aircraft; M. H. Pomeroy, United Air 
Lines; John Romeril, British Overseas Airways; 
R. B. Smith, General Electric Co.; and Fred 
Steuber, Allison. 
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Plasma Engine 


holds great promise 


for space travel 


S. W. Kash 


rn 
r 


LASMA and plasma phenomena seem destined to 

play an important role in communications, space 
travel, and in power production in areas not yet con- 
ceived. Propellant material in plasma propulsion 
can be accelerated to tremendous velocities by the 
use of electromagnetic forces. 

It is possible that the first application of electrical 
propulsion in space will involve the use of a small 
plasma engine to help to stabilize a communication 
satellite or change its orientation. After that would 
come larger units for orbital transfer and, finally, 
engines for planetary travel. 


What plasma is 


Plasma is a gas containing an appreciable number 
of ions and electrons, with equal amounts of positive 
and negative charge so that the gas is neutral from 
a macroscopic point of view. It can be considered 
a fourth phase of matter, the phase beyond the gase- 
ous one. 

The attraction of electrical propulsion, such as 
plasma propulsion, lies in the long-range possibility 
of its providing a large ratio of payload to initial 
vehicle weight, resulting from the use of higher ve- 
locity propellants. The greater the exhaust velocity 
of the propellant, the larger the payload fraction for 
any given mission. Fig. 1 shows that the payload 
fraction varies with propellant velocity for a uniform 
thrust which produces a vehicle velocity change of 
30 km/sec. This change would carry out most inter- 
planetary missions. 

The feasibility of electrical propulsion rests on two 
relatively recent technical developments. The first 
is the nuclear reactor, which provides a potentially 
unlimited source of energy. The second is the abil- 
ity to put increasingly greater weights into satellite 
orbit. However, the great cost of lifting material 
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into satellite orbit makes it highly advantageous to 
develop space ships with as large a payload fraction 
as possible. 

Higher propellant velocity entails lower engine 
thrust because of powerplant limitations. This re- 
rults from the fact that, for a fixed thrust, the power 
is proportional to the propellant velocity. By start- 
ing in a low-drag satellite orbit we can use a low- 
thrust, long acceleration-time powerplant very ad- 
vantageously. 


Engines for space 


There are several types of engines possible to use 
for space travel. These include: 


@ Chemical propulsion. 

@ Nuclear-chemical propulsion. 

@ Propulsion by electrical arc heati1 
jet). 

@ Ion propulsion. 

@ Plasma propulsion. 


ig (plasma 


In chemical propulsion systems both energy and 
propellant are contained in a fuel-oxidizer mixture 
which is burned in a combustion chamber to produce 
high-temperature gases. The gases are allowed ‘to 
expand through a nozzle to convert part of their in- 
ternal heat energy into kinetic energy of the ex- 
haust. Such units have been operated successfully, 
but there is a limit to the propellant velocity to be 
had with chemical fuels. Even with fuel mixtures 
which combine the most energetic chemical bonds 
with the lightest weight atoms, propellant exhaust 
velocities greater than 4 km/sec are unlikely. 

Higher velocities can be achieved by combining a 
nuclear heat source with a light chemical propellant. 
The propellant is heated by passing through a re- 
actor and accelerated by expansion through a nozzle. 
Velocity is limited by the temperature to which the 
propellant can be heated, that is, primarily by the 
temperature of the reactor material. A velocity of 
about 6 km/sec could be obtained with hydrogen 
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Fig. 2— Electrostatic ion 
accelerator affords the sim 
plest means for accelerating 
material by electromagnetic 
forces. Disadvantage is the 
large exhaust area needed 
for appreciable thrust 
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heated to 2000 C. If a way could be devised to de- 
liver the kinetic energy of the nuclear fission frag- 
ments directly to the propellant, a velocity possibly 
50% greater could be achieved. 


Getting still higher velocities 

Heating the gas electrically as with a plasma jet 
would give higher temperatures and velocities. Here 
the gaseous propellant is heated to high temperature 
by passing it through a high current, electric arc. 
The gas is then accelerated by expanding it through 
a nozzle. Properly speaking, the plasma jet is not 
to be classed with electrical propulsion devices. The 
propellant velocity is limited by material tempera- 
tures, but ultimately may achieve 15 km/sec. 

Ion propulsion (Fig. 2) provides the simplest 
means for accelerating material by electromagnetic 
forces. Only ions of one sign can be accelerated by 
an electric field, hence ions have to be sorted out 
prior to their acceleration. Moreover, to maintain 
overall charge neutrality on the vehicle, ions of both 
signs have to be eliminated. Again, in order to 
maintain a neutral space environment in the vicinity 
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\ POTENTIAL 


Fig. 1— This shows how 
payload fraction varies with 
propellant velocity for a 
uniform thrust producing a 
vehicle velocity change of 
30 km/sec. Such a velocity 
would be adequate for inter- 
planetary missions. 
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of the ion engine, the positive and negative charges 
should leave the vehicle with about the same ve- 
locity. Because of the large magnitude of electro- 
static forces, the ion currents that can be obtained 
are very small. Thus a very large exhaust area is 
required to get an appreciable thrust. We can ex- 
pect the thrust per unit area from an ion engine to 
be no greater than about 0.1 lb/ft’. 


Merits of plasma propulsion 


In plasma propulsion units a neutral plasma is 
accelerated with the aid of electric and magnetic 
fields. The magnetic fields can be provided by cur- 
rents in the plasma, or independently. The propel- 
lant energy is supplied by the electric fields. How- 
ever, the magnetic fields are required to orient the 
gas and give it a net momentum. A plasma device 
does not require separation of the positive and 
negative charges, therefore, it can handle larger 
amounts of propellant and can provide a larger 
thrust per unit area. 

There are two types of plasma propulsion devices. 
One is the steady-state plasma accelerator; the 
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greater than that of an ion engine. 


other is the pulsed plasma accelerator. Steady- 
state devices may be suitable for the acceleration 
of plasma to intermediate velocities, up to perhaps 
50 km/sec. The pulsed devices can be used to ac- 


celerate plasmas in the 10-500 km/sec velocity range, 


but are better suited for velocities greater than those 
of the steady-state devices. In these devices the 
basic principles are the same, but the technical 
problems differ greatly. The differences are ana- 
logous to those between d-c and a-c electrical de- 
vices. 


Steady-state plasma accelerator 


The d-c plasma accelerator is often called a 
crossed electric and magnetic field accelerator, and 
it is similar to that of the electromagnetic pump 
now used to pump metal liquids. In a simple ver- 
Sion (Fig. 3), a plasma arc jet is used to produce a 
high-temperature gas to which has been added 
about 1% of an alkali vapor, such as cesium or 


INSULATOR —, 


INTERMITTENT 









PLASMA 
DISCHARGE 


, 2 TO ELECTRICAL 
~ ENERGY STORAGE 
, HIGH VOLTAGE 

=— SUPPLY 


Fig. 4— Pulsed plasma accelerator of the pinch type. Radial compon- 
ent of the current in the plasma contributes directly to the thrust; the 
axial component contributes indirectly through plasma compression and 
heating. 
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Fig. 3 — Steady-state plasma accelerator should produce per-unit-area thrusts up to 100 Ib/ft*, or three orders of magnitude 
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potassium, to increase its electrical conductivity. 
The plasma gas then passes between a pair of elec- 
trical plates to produce a current transverse to the 
flow, and a set of coils which provide a magnetic 
field at right angles to both the current between the 
plates and the direction of flow. The resultant in- 
teraction between the current and the magnetic 
field provides the force for accelerating the gas. 


Pulsed plasma accelerator 


The pulsed plasma accelerator is an intermit- 
tently operated device and can produce a per-unit- 
area thrust intermediate between the ion accelerator 
and the steady-state plasma accelerator. In this 
device, bursts of plasma are driven by rapidly vary- 
ing magnetic fields produced by large currents in 
the plasma discharge. There can be a number of 
different electrode arrangements and in each of 
them a plasma, introduced into the discharge region 
or produced by the discharge, is accelerated by the 
interaction of the current in the plasma and the 
current in the fixed part of the discharge circuit. 
The current elements in the parts of the circuit 
nearest the plasma generally contribute the most 
to the acceleration. 

In the collinear electrode plasma accelerator the 
principal force arises from the repulsion between the 
current element in the plasma and the antiparallel 
current element in the adjacent portion of the cir- 
cuit. The acceleration in the coaxial electrode sys- 
tem is provided by the repulsive interaction between 
the disc-sheet plasma current and the current in 
the central electrode. In the pinch accelerator the 
accelerating force arises from the attractive self- 
interaction of the axially symmetric current sheet 
(Fig. 4). 

Measurements and analysis indicate that pulsed 
plasma accelerators can be built which will convert 
electrical energy into plasma kinetic energy with an 
efficiency exceeding 50%. 


To Order Paper No. 185B .. . 


from which material for this article was drawn, see p. 6. 
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Design Gears to Resist 


‘Bending fatigue 


‘Compressive failure 


*Scoring 


‘Splitting planet pinions 


Based on paper by 


Evan L. Jones 


Chrysler Corp 


GEAR DESIGN must provide sufficient strength 

to resist bending fatigue; compressive failure; 
scoring; and splitting of planet pinions under high 
load. 


Bending stresses 


Most important for durable automotive transmis- 
sion gears is ability to resist bending fatigue. In 
selecting design parameters in developing the hel- 
ical gear teeth, conflict arises between the require- 
ments for durability and for quietness. A change 
in pitch, pressure angle, or helix angle, to help the 
noise situation, for example, usually tends to reduce 
durability ...and vice versa. Items that tend to 
smooth the transfer of load from one tooth to the 
next tend to influence durability and quietness to- 
gether. In this latter category are profile contact 
ratio, face width, and modifications of profile and 
helix to keep heavy contact off the tooth boundaries. 

Criteria for selecting design parameters for trans- 
mission gears are as follows: 


DIAMETRAL PITCH—Use as fine pitch as pos- 
sible, consistent with manufacturing considerations. 
Select gear diameters to meet durability require- 
ments. Normal diametral pitches used in current 
transmissions include: 


12-20 for planetaries. 
6-11 for passenger car manual shift. 
5— 9 for truck manual shift. 
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Sliding gears have the coarsest pitches used in 
manual transmissions in order to meet the addi- 
tional requirement of adequate tooth thickness for 
withstanding the crushing loads imposed by butting 
against unsynchronized mates. 

PRESSURE ANGLE—Normal pressure angles in 
use today range from 16 to 25 deg in manually 
shifted transmissions, and 18 to 24 deg in plane- 
taries. The lower pressure angles are favored for 
quietness. 

HELIX ANGLE—Helix angles are usually made as 
high as thrust considerations will permit. Helix 
angles in use range from 15 to 23 deg in planetaries. 
In manually shifted transmissions, helix angles used 
for low-speed and reverse gears range from 19 to 31 
deg. Other helix angles in these transmissions are 
selected to balance thrust on the countershaft, 
reaching 45 deg in some cases. 

TOOTH DEPTH PROPORTIONS—Adjust addenda 
to balance bending fatigue life and to provide pro- 
file contact ratio more than 1.4 where possible. In 
multipinion planetaries, the sun gear often accumu- 
lates stress cycles faster than the planet pinions, 
in which case it needs more strength than the 
planets. 

ROOT CLEARANCE—Provide clearance adequate 
to permit use of full-radius root fillets where pos- 
sible. This practice will usually not penalize the 
strength factor much, but it will reduce stress con- 
centration effect materially. The result is usually 
a substantial net gain in fatigue life. 


Getting additional capacity 


To get additional capacity from a given space, 
using existing gear cutters, shotpeening of the fin- 
ished gears may add as much as 15-30% to their 
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Design Gears ... continued 


capacity, if gear tooth strength, and not improper 
mounting conditions, is the limiting factor. 

If the gear set is made up of simple planetary 
elements, a large boost in capacity can be made by 
using additional planet pinions to divide the torque 
among more tooth contacts. Although four or six 
pinions may not share the load equally, fatigue tests 
have shown conclusively that the extra pinions con- 
tribute a large increase to the capacity of the gear 
set. 

Highly refined methods have been developed for 
calculating gear tooth bending stresses. 

The accompanying table lists recommended max- 
imum gear tooth bending stresses for new pas- 


ALLOWABLE BENDING STRESSES for 
hardened steel gears in passenger-car 
transmissions 
Type of 


Tessumiesion Forward, psi Reverse, psi 
Manual Shift 90,000 120,000 
Fluid Coupling 80,000 130,000 
Torque Converter 130,000 150,000 


senger-car transmission designs of various types. 

The table is a composite of stress criteria used 
by varidus passenger-car transmission designers. 
Since some of these stresses are based on laboratory 
tests and some on vehicle tests, the level of vehicle 
life associated with each stress is somewhat un- 
certain. The table should be considered a guide, 
and no more. 

Calculated stresses in some transmissions in cur- 
rent use exceed the design maxima listed in the 
table, reaching values as high as 180,000 psi on for- 
ward gears. Stresses this high probably result from 
increasing engine displacement without changing 
the transmission gears. Thorough testing in ve- 
hicles is done to establish the adequacy of such 
highly loaded gears. 

Stresses in nonshotpeened gears in heavy-duty 
truck transmissions should be limited to 80,000 psi 
in forward speeds and 90,000 psi in reverse, for de- 
sign purposes. Reason: high torques are sustained 
for longer periods in a loaded truck, resulting in 
mere rapid accumulation of high-intensity stress 
cycles. 

The allowable gear stresses shown in the table for 
fluid coupling transmissions are lower than for 
torque converter transmissions. The reason for 
this may be seen in Fig. 1, which permits comparison 
of the different output torque characteristics ob- 
tained from a transmission equipped with a fluid 
coupling, with another using a torque converter. 

The maximum torque that can be applied to the 
gears with the torque converter is over twice the 
maximum possible with the fluid coupling. If the 
gears in the fluid coupling transmission were de- 
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signed to be stressed as high as those in the torque 
converter transmission at stall, they would fail 
quickly because they would get far more maximum 
stress cycles. 

The torque impulse imposed during the power 
upshift at 45 mph could affect gear life in the fluid 
coupling transmission if the shift were excessively 
sharp. This impulse is insignificant with a torque 
converter because of the much greater magnitude 
of the stall torque. The shift effect, plus the greater 
number of cycles which are accumulated in auto- 
matic transmissions due to the use of passing gear, 
contributes to the difference in allowable stresses 
shown between fluid coupling and manual trans- 
missions. 


Compressive failure of tooth surfaces 


Prolonged operation of gears at high contact 
stress can produce compressive fatigue failure. 
Failure usually begins with individual pits forming 
in the vicinity of the pitch line. Under continued 
operation, pitting can progress into spalling, which 
is a more extensive form of surface fatigue. 

As a general rule, the tendency toward compres- 
sive fatigue failures increases with coarsening 
pitch (larger teeth). The reason: bending strength 
increases faster than compressive strength as the 
teeth are made larger. Pitting, for example, is a 
relatively minor problem in the fine pitch gears 
used in passenger-car planetary automatic trans- 
missions. But it occurs more frequently in the 
coarser pitch gears used in manual shift trans- 
missions. 

A formula for calculating pitch line compressive 
stress in external helical type transmission gears 
(adapted by Huffaker from a Hertz equation for 


contact stress between cylinders) is: 
s,=0.59 cos wp |_2 WE (5 4 *) 
\ Fsin(2¢,)\d D 


where: 


S,= Maximum compresive stress, psi 

w= Helix angle at operating pitch diameter 
W,= Tangential tooth load at operating pitch 

diameter, lb 

E =Young’s modulus of elasticity, psi 

F = Active face width (axial), in. 

¢, =Normal operating pressure angle 

1 = Operating pitch diameter of pinion, in. 
D=Operating pitch diameter of gear, in. 


This formula applies where contacting gears are 
made of materials with substantially the same 
moduli of elasticity. It can be adapted to internal 
gears by changing the plus sign to a minus sign. 

Tests show that the surface fatigue life of hard- 
ened steel gears running under conditions of proper 
lubrication and cooling will be practically infinite 
if the calculated contact stress is 200,000 psi or less. 
Applying the principle of designing for finite life 
according to the anticipated usage of the various 
gears, contact stresses as high as 500,000 psi have 
been applied in low-speed gears of passenger-car 
manual shift transmissions. Second speed gears, 
which are used for larger numbers of stress cycles, 
are stressed as high as 350,000 psi. 

Truck usage of the lower speed gears represents a 
larger fraction of total transmission life than does 
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TRANSMISSION OUTPUT TORQUE 
CHARACTERISTICS 


OUTPUT SHAFT TORQUE, LB.-FT. 





CONDITION: WIDE OPEN THROTTLE 


TORQUE CONVERTER 


0 10 20 30 40 50 60 
CAR SPEED-M.P.H. 
Fig. 1 — Comparison of torque outputs from a transmission equipped with a fluid coupling and from one with a torque 


converter. 


passenger-car usage. This requires that the com- 
pressive stress level used for trucks must be lower 
than passenger cars. The best way to do this is to 
apply an S-N curve, in which stress is plotted against 
number of cycles to failure. 


Gear tooth scoring 


Scoring of gear teeth is not encountered in auto- 
matic or manually shifted transmissions used in 
passenger cars. The smaller transmissions are free 
from scoring because the gear tooth sliding velocities 
are low enough to avoid trouble. Fine pitch teeth 
and planetary gears give the automatics a comfort- 
able margin of safety. 

The larger manually shifted transmissions run 
with calculated values of PVT scoring factor ap- 
proaching the borderline scoring criterion of 1.5 
million (for mineral oil). Heavier duty manually 
shifted transmissions, with larger diameter gears 
and larger teeth, might have PVT values in excess 
of 1.5 million, with consequent danger of producing 
scoring failures. It is recommended that such gears 
be checked for scoring tendency by calculating the 
PVT scoring factors at the tips of pinions and gears. 

If a potential scoring problem is found, it may be 
necessary to revise the outside diameters of the 
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gears, modify tooth profiles for smoother transfer of 
load from tooth to tooth, or to use a lubricant with 
more antiweld protection. 


Preventing planet pinion splits 


Splitting of planet pinions under high load is re- 
lated to the bending stress of the teeth; but it is not 
a tooth failure. The splitting is caused by insuffi- 
cient stock between the bore of the pinion and the 
root circle. 

The wall section under the teeth must carry ten- 
sile load equal to the tooth load, while its outer fibers 
are subjected on the bore side to high compressive 
stresses from the needle bearings—and on the 
tooth side to added tensile stresses imposed by tooth 
bending. 

Because of the strong influence of the bending 
stress in the root, there is no hard and fast rule for 
how thick to make the stock under the teeth. Indi- 
cations are that wall thickness under the teeth can 
be slightly less than the whole depth of the teeth 
when the tooth bending stresses are low — around 
50,000 psi. 
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Probe assembly with 
collimated focus on axis. |! 
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Radioisotopes 


check machining operations 


J]. H. Tolan, 


TWO-DIMENSIONAL CUTTING OPERATION 

was aborted recently, when one motion jammed 
and the other continued. Result: the cutting tool 
chewed through the workpiece ... and then through 
the table in a kind of automated hara-kiri. 

An adaptation of the backscatter technique ex- 
plored by Lockheed Nuclear Products for the Atomic 
Energy Commission may provide suitable controls 
to prevent just such difficulties and consequences. 
And it may be able also to control the contour of 
screwthreads during grinding, measure the dimen- 
sions and location of internal cuts, and measure the 
wall thickness of bored openings in castings. 

Fig. 1 illustrates a typical probe intended for 
measure of change in shape or contour. In this de- 
sign, radiation is emitted through a restricted open- 
ing to the object being measured. Then, depending 
on the size and location of the object, a focused col- 
limator admits some of the scattered radiation back 
to the crystal detector. The expected defect sensi- 
tivity of such a probe is to detect changes in shape 
or contour of 5% of an object cross-section 1% in. in 
diameter. 

A suggested application of this probe configuration 
is shown in Fig. 2, which illustrates a monitor for 
control of a cutting tool. The probe can be made 
insensitive to its environment and not be affected 
by oil vapors, high temperature, vibration, or other 
factors influencing instrument response. It will not 
measure thickness of the machined piece within 
usual dimensional tolerances, but it will monitor 
the position of the cutting tool relative to the work 


56 


and respond to any unwanted variation in relative 
position. 

Another potential application for this probe is 
illustrated in Fig. 3. Here, the grinding of threads 
on a lead screw is monitored by viewing the thread 
contour and measuring its relative size, shape, and 
position. Again, an absolute dimensional measure 
is not attempted. But if the instrument is initially 
calibrated on a standard section of the thread, any 
variation in size, shape, and position either singly 
or in combination can be detected. 

It is also possible to direct the radiation so that 
the focus location is normal to the probe axis. Such 
an arrangement is shown in Fig. 4. Radiation 
emerges from the collimator to impinge on the scat- 
tering material at a predetermined distance. Scat- 
ter from this volume is admitted to the detector 
through the open channels of the focused collim- 
ator. 

One application of this probe is shown in Fig. 5, 
in which an internal machine cut is inspected for 
width, depth, and position of cut. In the diagram, 
the internal cut is a helical keyway held to close 
dimensional tolerance. Resolution of the radiation 
beam is fine enough to permit a rapid inspection of 
such machined contours. 

Another application shown in Fig. 6 depicts the 
measure of concentricity of a hole bored in an en- 
gine block or similar casting. Such a device is an 
important aid where inner passages occur within 
the casting, such as in a water cooling channel. 
Casting flaws may be detected also by scanning from 
within the bored hole. 
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Surface Ignition 


depends on: 


eSurface temperature. 


eLocal air-fuel ratio. 


F. W. Bowditch and T. C. Yu 


URFACE IGNITION — or the burning of a fuel- 

air mixture on contact with a hot surface in the 
combustion chamber — will occur when the follow- 
ing conditions are met simultaneously: 

e@ Mixture is heated to above its ignition tempera- 
ture. 

@ Mixture composition is within the limits of in- 
flammability. 

These conditions apply whether the surface con- 
sists of materials, like engines deposits, that con- 
sume oxygen during the ignition process of whether 
it is an inert, nonconsumable material. The de- 
tailed explanation of how surface ignition occurs 
does differ slightly, however, for the two types of 
surface. 


Engine deposits 

Fig. 1 shows how ignition takes place, according 
to the explanation, in the presence of engine de- 
posits. 

The important point to note is that, since the de- 
posits themselves are consuming oxygen during 
surface ignition, the mixture adjacent to the de- 
posits is being depleted of the oxygen needed to burn 
the mixture. In this case, the air-fuel ratio of the 
mixture next to the deposit surface may become so 
rich that it exceeds the limit of inflammability. 
Thus, if ignition takes place at all under these cir- 
cumstances, it will do so only at a distance from the 
deposit surfaces, where the air-fuel mixture is 
within the flammability limits. 

As we move away from the deposit surface, how- 
ever, there is a gradual drop in temperature. So the 
temperature at the surface of the deposit must be 
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somewhat higher than the required mixture ignition 
temperature to provide a high enough temperature 
at the point where the mixture is within the flam- 
mability limits. 

All this is shown in Fig. 1. Note how the tempera- 
ture of the mixture surrounding the deposit is as- 
sumed to decrease as the distance from the surface 
increases, until the average mixture temperature is 
reached. 

Up to the distance X from the deposit surface, the 
air-fuel mixture surrounding the deposit is too rich 
to burn because the deposit has consumed too much 
of the local oxygen supply. At distances greater 
than Y from the deposit surface, the mixture is too 
cold to cause ignition. In the zone between distance 
X from the deposit surface and the distance Y, how- 
ever, both the temperature and the air-fuel re- 
quirements for ignition are satisfied simultaneously, 
so that ignition should occur. 


Hot spots 


Fig. 2 shows the case where the surface causing 
the ignition does not consume any oxygen. Here, 
the mixture requirement for ignition is not im- 
portant. Note that a temperature gradient will still 
exist in the immediate neighborhood of the surface 
as before. The air-fuel ratio will, however, now be 
independent of the distance from the surface. 
Therefore, as soon as the surface reaches the igni- 
tion temperature of the air-fuel mixture, as shown 
schematically in Fig. 2, ignition will occur right at 
the surface. 

There are a number of complicating effects that 
have thus far been ignored. For instance, CO, 
and N, can have a very substantial effect on the 
limits of inflammability. Also, information on the 
effect of mixture ratio on the ignition temperature 
is not complete. Our own investigations, as well 
as those of others, have shown that mixture ratio 
has a negligible effect on hot-wire ignition tempera- 
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Fig. 2— Chart showing how igni- 
tion takes place, according to the 
proposed theory, where the surface 
causing the ignition does not con- 
sume oxygen. 
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HE MECHANISM of ignition by hot sur- 

faces in the combustion chamber, 
whether caused by deposits or hot spots, is 
not well understood. This is not surprising, 
for the ignition mechanism of spark knock, 
which has received considerably more at- 
tention, has not yet been completely ex- 
plained. 


Nevertheless, the problem of deposit ig- 
nition in today’s automotive engines is one 
of serious proportions, for such abnormal 
combustion phenomena as preignition, wild 
ping, and rumble seem to have their ori- 
gins in deposit ignition. 
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AVERAGE 
MIXTURE RATIO 


Fig. 1— Chart showing how igni- 
tion takes place, according to the 
proposed theory, in the presence 
of engine deposits. 
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The authors of this article made a com- 
parison of the ease of ignition, in an oper- 
ating engine, of various fuel-air mixtures 
by both engine deposits and hot wires. 
From the results of this study, an explana- 
tion of deposit ignition was developed. It 
is based on the assumption that the funda- 
mental surface ignition process is the same, 
no matter what the surface is like. 


Their theory, the authors show, is ade- 
quate to explain their own verifying experi- 
ments (see complete paper) and also most 
of the experimental data reported in the 
literature. 
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Surface Ignition 


. continued 


ture for the range of mixture ratios commonly en- 
countered in operating engines. However, whether 
this finding can be extended to the limits of inflam- 
mability has not been determined. 

It has been Known for a number of years that 
some surfaces are catalytic and conducive to 
certain surface reactions. As an example, Coward 
and Guest found that platinum wire, though very 
active catalytically, required a higher temperature 
to ignite fuel-air mixtures than a surface of equal 
dimension but of lesser catalytic action. On the 
other hand, when a cold jet of hydrogen and oxygen 
mixture was allowed to stream over cold platinized 
asbestos, the asbestos became red hot and ignition 
of the mixture followed. 

The explanation applied to this set of seemingly 
contradictory facts was that surface reaction re- 
duced the availability of the fresh mixture near the 
surface of the platinum wire. Consequently, the 
temperature required for ignition was increased. In 
the case of platinized asbestos, however, since the 
heat conductivity is poorer than that of platinum 
wire, the platinized asbestos material attains higher 
surface temperatures and ignition is more likely to 
occur. 

It is interesting to note the similarity of this ex- 
planation with the present explanation of deposit 
ignition where oxygen near the deposit surface is 
consumed by the combustion of the deposit, and as 
a result, gas-phase ignition occurs at some distance 
from the deposit surface. 

Catalytic surface reactions probably also occur 
during the ignition process by hot surfaces in op- 
erating engines. This type of reaction exerts con- 
siderable influence on surface temperature and local 


Table 1 — Relative Rankings of Fuels Based on 
Deposit-Ignition Resistance, Hot-Wire-Ignition 
Resistance, and Rich Limit 


Relative Ranking a 
‘ 0. 
Fuels Deposit- Hot-Wire- Stoichio- 
sas sas metric 
Ignition Ignition 

Resistance Resistance A/F 

» Ratio 
2,2 dimethylbutane 1 4 28.5 (4) 
lsooctane 2 3 27.8 (5) 
Toluene 3 1 31.0 (2) 
Benzene 4 5 29.8 (3) 
Propane 5 2 35.3 (1) 
Ethylene 6 6 16.4 (6 


vs SUNUNUAUDODNNEON OO EEERONON 


60 


SAE JOURNAL 


mixture air-fuel ratio. However, when these two 
factors have been duly considered as they are in the 
proposed theory of surface ignition, the principal 
effects of catalytic surface reaction on ignition are 
taken into account. 

There is another area in which surface reactions 
might have influence on surface ignition. That is 
the possibility that surface reactions may produce 
reaction products with lower ignition temperatures 
than the parent hydrocarbon. At present we know 
of no way to evaluate this possibility. 


Combustion movies 


Of the various experiments performed to find out 
if the theory actually jibes with fact, one of the most 
interesting included the use of combustion movies 
to verify the deduction that the point of ignition 
is, indeed, dependent on the amount of oxygen the 
igniting surface consumes. These high-speed 
movies were taken of the ignition processes caused 
by inert and engine-deposit surfaces in an operat- 
ing engine. The inert surface was a U-shaped 
chromel A wire mounted as a glow plug and heated 
electrically. The oxygen-consuming surface was a 
14-in. diameter by 5/16 in. long pellet made of en- 
gine deposit and was attached to the combustion- 
chamber wall by a small wire. The igniting surface 
was mounted midway between the intake and ex- 
haust valves of the L-head single-cylinder engine 
used in all the tests. 

Fig. 3 shows six consecutive frames from the high- 
speed movies taken of hot wire and deposit ignition. 
The glowing U-shaped hot wire is clearly visible in 
the upper photographs and ignition of the fuel-air 
mixture is seen to take place in the frame 
marked X. 

The lower photographs show the burning deposit 
pellet with ignition of the gaseous mixture barely 
visible in the frame marked Y. The deposit-igni- 
tion photographs are not as sharply defined as the 
hot-wire-ignition ones because the burning engine 
deposit rapidly coated the quartz window with a 
thin layer of lead salts before photographs could 
be taken. 

As can be seen in frame X, hot-wire ignition took 
place at or very close to the wire surface; however, 
as shown in frame Y, ignition occurred at a distance 
from the deposit surface—the distance in this 
case being about 1/16 in. 


Predicting surface-ignition resistance of fuels 


Table 1 shows the deposit-ignition resistance, the 
hot-wire ignition resistance, and the rich limit in- 
formation for the six fuels for which complete data 
are available. Relative rankings are shown, “1” 
being the fuel with the greatest ignition resistance 
and “6” being the one with the least resistance. If 
the ignition source (chromel wire) used in deter- 
mining the hot-wire ignition temperature is as- 
sumed to be inert, the hot-wire ignition tempera- 
ture is equivalent to the ignition temperature. It 
may be assumed, therefore, that the hot-wire igni- 
tion resistance is directly related to the ignition 
temperature. 

The values for rich limit shown in the table com- 
prise the limit in terms of the per cent of stoichio- 
metric air-fuel ratio. The numbers in parentheses 
represent the rankings of the fuels only on the basis 
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with “1” 
again representing high resistance and “6” low re- 
sistance). 

Combined consideration of the rankings shown 


of the rich-limit information (shown 


under hot-wire ignition resistance and rich limit 
should, ideally, predict the ranking shown under 
deposit-ignition resistance. In the actual case, 
however, the correlation is not always consistent. 
For instance, 2,2 dimethylbutane has intermediate 
resistance to hot-wire ignition (ranking of 4) and 
also an intermediate rich-limit ranking (4). A 
consideration of these two rankings predicts an in- 
termediate deposit-ignition resistance rather than 
the high resistance it is shown to have. Of the re- 
maining five fuels, toluene, benzene, and ethylene 
predictions are reasonably good while isooctane and 
especially propane predictions are poor. The reason 
for the failures is not clear. Perhaps the effects of 
dilution and temperature on the rich limit, not con- 
sidered in the correlation, are responsible. 

As mentioned previously, H.O, CO,, and other inert 
gases have a substantial effect on the flammability 
limits of many fuels. The effect of dilution is to 
narrow the flammability limits. The rich limit of 
a fuel is changed in the presence of diluents; there- 
fore, dilution would be expected to have a sub- 
stantial influence on the deposit-ignition resistance 
of fuels. 

For most mixtures, it has been shown that there 
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Fig. 3 — High-speed flame photo- 
graphs of ignition processes by hot 
wire and engine deposits. 


is a straight-line relation between the limit of in- 
flammability and the mixture temperature. The 
flammability limits widen with increasing tem- 
perature. If this factor is taken into account, the 
ranking of the fuels shown in Table 1 may also 
change considerably. For example, propane has a 
very high ignition temperature; that is, a ranking 
of 2 under hot-wire ignition resistance. Therefore, 
the rich limit of propane at the ignition temperature 
would be expected to be considerably richer than 
that shown in Table 1. This would lower its pre- 
dicted deposit-ignition resistance and would make 
its ranking more consistent with the data shown in 
Table 1. 

While it is realized that both dilution and tem- 
perature must be considered in connection with the 
rich limit, unfortunately, sufficient information is 
not available to permit a proper evaluation of these 
factors. Consequently, it is not possible at present 
to resolve whether the proposed ignition theory is 
sufficient to explain the differences in ignition re- 
sistances of fuels. However, it is to be noted that 
the theory can be used to explain some otherwise 
unexplainable experimental facts. It is our belief 
that it is worthy of serious consideration despite the 
lack of positive confirmation here. 
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Two-wavelength 


infrared radiation method 
measures end-gas temperatures 


W. G. Agnew 


NGINE END-GAS TEMPERATURES can be meas- 
ured with “reasonable” accuracy by the two- 
wavelength infrared emission method, General Mo- 
tors studies show. This method perhaps gives the 
most significant results for knock studies, since it 
tends more than other methods to show the temper- 
ature of the hottest gas—which must eventually be 
first to reach spontaneous ignition in the engine 
cycle. 

The technique uses a prism spectrometer, lead 
sulfide photoconductive detector, and electronic ap- 
paratus necessary to obtain statistical averages of 
the radiation signal emanating from the engine 
cylinder gases over a number of engine cycles. 

Ratio of emission intensities at two near-infrared 
wavelengths is determined for particular crank- 
angles in a point-by-point manner, and with a 
Suitable prior calibration the gas temperature is 
calculated from the intensity ratio. 

Water vapor in the cylinder gases—either nat- 
urally present in the fresh intake air or remaining 
in the residual gas from prior fired cycles—serves 
as a source of radiation. 


Two-wavelength principle 


The two-wavelength radiation technique relies on 
the fact that the intensity of radiation from any 
material in thermal equilibrium varies with the 
temperature. 

If the absolute emissivity of the material at some 
wavelength were known, and if the instrumentation 
were arranged so that absolute measurements of 
radiant energy were possible, then a simple meas- 
urement of the radiant energy emitted at one wave- 
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near their peak 


length would determine the temperature. 

Unfortunately, the absolute parameters are not 
generally known. It is possible, however, to cancel 
the need for many of these parameters, and reduce 
the influence of others if measurements are made 
at two wavelengths rather than at one. 

The fact that radiation intensity is a different 
function of temperature at different wavelengths 
makes it possible to determine temperature from 
the ratio of intensities, while many parameters of 
the optical and electronic measuring system cancel 
out. 

Two parameters, the emissivity of the radiator 
and the sensitivity of the detector, do not actually 
cancel, but at least absolute values for these factors 
are not needed, only their ratios at the two wave- 
lengths. These ratios may be determined by em- 
pirical calibration. 

The two wavelength radiation technique may be 
expressed from the fundamental laws of radiation 
as follows: 


where J = radiation intensity of a substance at \ 
«= emissivity of the substance at A 
A= wavelength of radiation 
C, = Planck’s second radiation constant 
T = absolute temperature. 
This relationship is obtained from Planck’s equa- 


tion for a perfect blackbody, and it applies to any 
radiating substance in thermal equilibrium. 
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The calculable blackbody part of Equation (1) may 
be expressed as: 


B, he’ f, r) l 

) ' (2) 
B, ( ) = 

e 7 

where B,/B, is the ratio of emissive powers at the 
two wavelengths ,, and j, for a black body at tem- 
perature T. At fixed wavelengths B,/B, is a fun- 
ction of temperature only. The instrument con- 


stants may be taken care of by: 


D 
(3 
I K ) 


As 


where D is the output of the detector and K is the 
relative sensitivity of the detection system at  . 
The working relation below is obtained from equa- 
tions 1, 2, and 3. 
B Dw. « 


B DEK (4) 


If K./K, and ¢,/e, are Known by prior calibration, 
and if D,/D, is measured, then B,/B, may be de- 
termined. The known relation between B,/B, and 
T (Eqn. 2) then permits determination of the abso- 
lute temperature of the radiating substance. 

In this work water vapor present in the engine 
cylinder gases was taken as the radiating substance, 
and the wavelengths chosen were those of two water 
vapor bands at A, = 1.89 and A,=2.55 microns. The 
blackbody relationship (Eqn. 2) was readily manipu- 
lated with the aid of a blackbody radiation slide 
rule. 


Advantages 


In principle, the two-wavelength method of tem- 
perature measurement has several advantages over 
the other methods currently in use. The problems 
of the sound velocity method associated with cooling 
of the measured gases by the cooled sound probes, 
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Fig. 1 — Equipment for two- 
wavelength temperature 
measurement. 
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and the uncertain effects of preflame reactions on 
the sound velocity are entirely absent. Turbulence 
of the end-gases, which may interfere with the 
sound velocity measurement, should have no effect 
on the two-wavelength method. 

The two-wavelength method requires only one 
window in the engine combustion chamber instead 
of two, as required by the emission-absorption 
method, and presumably there is no direct effect 
of dirtying the engine window on the temperature 
measurement, as long as sufficient radiation passes 
to obtain the measurement. The emission-absorp- 
tion method suffers a direct error from any dirt de- 
posited on the windows between calibration and 
measurement. 

Since all three of the end-gas temperature meas- 
urement techniques now in use involve an appre- 
ciable volume of gas, the matter of temperature 
gradients within the measured volume is of some 
concern. All three measuring techniques obviously 
give some sort of an average temperature for the 
gases under study. The actual temperature gradi- 
ents existing in an engine are unknown. But it 
may be presumed that late in the compression stroke 
the bulk of the gas is at a temperature much higher 
than the cylinder walls, and that this bulk of gas 
is surrounded by a layer in which the temperature 
gradually decreases to the value at the wall. 

Theoretical calculations indicate that while the 
sound velocity technique tends to give a tempera- 
ture corresponding closely to the mass average tem- 
perature of the gases between the probes, the infra- 
red emission-absorption method tends to give values 
closer to the peak temperature in the volume under 
observation. 

The two-wavelength method of temperature 
measurement tends to give an average value still 
closer to the peak than the emission-absorption 
method. Thus, the two-wavelength method per- 
haps gives the most significant results for knock 
studies, since it tends more to indicate the tempera- 
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Two-wavelength infrared radiation method 
measures end-gas temperatures near their peak 


. continued 


ture of the hottest gas which must eventually be 
first to reach spontaneous ignition in the engine 
cycle. 

Of course, if the correlation of end-gas tempera- 
ture with average cylinder pressures or heat trans- 
fer through the chamber walls is of interest, then 
a mass average temperature might be considerably 
more useful. 


Equipment 

Fig. 1 shows the equipment for two-wavelength 
temperature measurement. At the right is the 
single-cylinder research engine; in the center is the 
spectrometer for detecting radiation from the en- 
gine cylinder gases; and at the left is the Engine 
Radiation Ratio Indicator. 

Fig. 2 shows the sandwich-head engine combus- 
tion chamber with the piston at top center and illus- 
trates the viewing windows, the end-gas pocket, the 
spark plug, and the two instrument access holes. 

Air is supplied to the engine either from the at- 
mosphere or from the building compressed air lines 
through a critical flow air-metering system. The 
latter system provides a relatively constant, low 
humidity of about 0.25% H.O by weight. 

Air temperatures are controlled with an immer- 
sion electric heater in the surge tank ahead of the 
carburetor ‘and electric heating tape wrapped around 
the intake manifold between the carburetor and 
the engine inlet valve. 

Inlet mixture temperature is indicated by an un- 
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Fig. 2 — Sandwich-head engine combustion chamber 
with piston at top center. 
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shielded immersion thermocouple just ahead of the 
inlet valve in the manifold. 

The exhaust temperature, under motored condi- 
tions, is measured by an unshielded thermocouple 
in the exhaust port about one-half inch from the 
exhaust valve. 

Liquid fuel flows are measured with calibrated 
rotameters, propane flow by a critical flow metering 
system. Exhaust back pressure is varied with a gate 
valve in the exhaust manifold. 

Performance measurements on this engine showed 
no unusual effects attributable to the sandwich com- 
bustion chamber design. The maximum IMEP at 
2000 rpm was 150 psi; MBT spark advance was 31 
deg at 2000 rpm; and the primary reference blend 
octane requirement at this condition was 98. 

Ionized-gap measurements of flame arrival time 
indicated that the end-gas pocket was actually one 
of the last parts of the chamber to be reached by 
the flame. 

The flame arrived in the pocket about 50 crank- 
angle degrees after ignition at the 2000 rpm maxi- 
mum power condition. Cyclic variation of the ar- 
rival time was on the order of +3 to 5 crankangle 
degrees. 

Optical System — Radiation from the end-gas 
pocket in the engine combustion chamber passes out 
through one of the 3g-in. diameter by 3/16-in. thick 
quartz windows (the other window is not used for 
this work) and is focused on the spectrometer en- 
trance slit by a quartz lens. The optical path length 
between the two end-gas windows is 2-7%, in. The 
focal points of the lens are in the center of the en- 
gine end-gas pocket and at the spectrometer en- 
trance slit. 

A rotating shutter between the lens and spec- 
trometer is driven by a selsyn sytem operated from 
the engine camshaft. The shutter interrupts the 
radiation beam for one complete engine revolution, 
starting to close 32 deg ATC on the power stroke and 
reaching full-open 47 deg ATC on the induction 
stroke. The purpose of this shutter is to provide a 
zero baseline for radiation on the detector and to 
prevent the extremely intense hot flame emission 
from reaching the detector and either changing its 
sensitivity characteristics or overloading the elec- 
tronic circuits. 

Between the shutter and the spectrometer slit is 
a multiple-wedge adjustable radiation attenuator. 
This optical attenuator is used to maintain a more 
or less constant level of illumination on the radia- 
tion detector under the different operating condi- 
tions, thus keeping the detector always in the linear 
portion of its operating range. The attenuator cali- 
bration also gives a measure of the relative signal 
intensity under the various operating conditions. 

The detector signal from the hot flame radiation 
in the combustion chamber under some conditions 
is 500 times that from the unburned gases ahead of 
the flame front. Some of this radiation may reflect 
several times from various surfaces in the combus- 
tion chamber. If even a small portion of this radia- 
tion somehow manages to enter the optical system 
before the hot flame actually reaches the window, 
it could interfere seriously with measurements of 
the unburned gas. Therefore, attempts were made 
to determine whether such interference does occur. 

A tungsten lamp was placed at various positions 
in the chamber, and the amount of radiation enter- 
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ing the spectrometer was measured. When the 
lamp was 4 in. away from the line of sight through 
the end-gas windows, the signal on the detector 
was reduced to about 1/100 of its direct value. This 
means that at this distance the reflected hot flame 
radiation may still be about five times stronger than 
the unburned gas radiation. Unfortunately, a light 
source as intense as the hot flame could not be con- 
veniently placed in the engine, so it could not be 
determined at what distance a source of this 
strength would produce a negligible signal. 

It can only be concluded that the hot flame prob- 
ably affects the temperature measurements when 
it is within \%4 in. of the windows, and very likely 
does not affect the measurements when it is near 
the spark plug at the far side of the combustion 
chamber. 

Spectrometer — The spectrometer is a Perkin- 
Elmer Model 99 double-pass monochromator with 
a lithium fluoride prism and lead sulfide detector. 
The slits were kept at 2000 microns — a width neces- 
Sitated by the extremely low radiation intensities 
involved. The internal 13 cps chopper is not used, 
and single-pass radiation, which was found to inter- 
fere seriously with the measurements, is eliminated 
by masking portions of the spectrometer slits. The 
masking does not reduce the signal intensity ap- 
preciably, since only about one-third of the slit 
length is illuminated anyway. 

In early work atmospheric air was allowed in the 
spectrometer, but it was later suspected that varia- 
tions in atmospheric humidity were affecting the 
temperature measurements by varying the amount 
of self-absorption in the water vapor bands. From 
then on the spectrometer was flushed continuously 
with nitrogen. Much of the day-to-day variation 
in results appeared to be eliminated. 

Detector — A Kodak Ektron lead sulfide cell with 
a time constant of about 800 microsec was found to 
be best. 

Engine Radiation Ratio Indicator (ERRI)— Its 
purpose is to permit the determination of the mean 
value (with respect to engine cyclic variations) of 
the detector signal voltage ratio at the two wave- 
lengths. Briefly, it functions as follows: The signal 
from the spectrometer detector, which varies with 
time in the engine cycle, is compared with a refer- 
ence voltage level at any given instant during the 
engine cycle. The instant of comparison is deter- 
mined by a pulse from a pulse generator which can 
be manually adjusted to any desired crank angle. 
A coincidence meter reads the percentage of cycles 
in which the engine signal voltage is greater than 
the reference level at the predetermined crank 
angle (thus “averaging” the engine cyclic varia- 
tions). 

In use, the spectrometer is set to the wavelength 
of the weaker radiation (1.89 microns); the refer- 
ence voltage level is adjusted for 50% coincidence at 
the desired crank angle (the reference level thus 
represents the mean cycle-to-cycle signal voltage) ; 
the spectrometer is then adjusted to the wavelength 
of the stronger radiation (2.55 microns), and this 
detector signal is electrically attenuated by means 
of a potentiometer to again give 50% coincidence. 
The fraction of attenuation required is equal to the 
ratio of the first signal to the second, and this frac- 
tion is read directly from the potentiometer dial. 
The dial is graduated in ten turns with 100 divisions 
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for each turn. Thus, the signal ratio can be read 
directly to three significant figures. In the range 
of ratios used, 0.060 to 0.200, one division on the dial 
corresponds to about 5 F. 


Radiation from the engine 


Spectra—Fig. 3 indicates the types of radiation 
spectra obtained from the engine under typical 
motoring and firing conditions. Each spectrum 
represents the peak intensity of the unburned gas 
radiation plotted as a function of wavelength. The 
spectra are all plotted to the same scale. The two 
wavelengths of water vapor emission at which the 
intensity ratio is determined are indicated by verti- 
cal lines along with the spectral slit widths resulting 
from the 2000-micron spectrometer slit. 

The motored isooctane, benzene, and propane-air 
spectra have the lowest intensity; the motored air 
spectrum is slightly more intense at the water vapor 
wavelengths. The fired engine and the motored 80 
octane primary reference blend spectra are con- 
siderably more intense because in these cases both 
the temperatures and the water vapor concentra- 
tions are higher. The water vapor content is 
higher in the fired engine because of residual dilu- 
tion, and higher with the 80 octane fuel because of 
water production in the preflame reactions. 

Of particular interest in Fig. 3 is the intense emis- 
sion between 2.1 and 2.5 microns, which apparently 
comes from the unreacted fuel (and perhaps partly 
from preflame reaction products). 

The spectral slit widths would seem to exclude 
this radiation from influencing the temperature 
measurements to any appreciable extent with iso- 
octane, propane, and the primary reference blend. 
However, with benzene the fuel emission has a dif- 
ferent distribution and it might be expected that 
the intensity reading at 7, (second wavelength) = 
2.55 microns would be somewhat increased by the 
fuel emission, thus tending to make the temperature 
readings somewhat lower than would otherwise be 





Fig. 3 — Engine unburned gas emission spectra. 
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Fig. 4 —— Motored engine radiation traces 


Two-wavelength infrared radiation method 
measures end-gas temperatures near their peak 


. continued 


the case. No attempt was made to estimate the 
magnitude of this error. 

Oscilloscope Traces—Figs. 4 and 5 show a number 
of radiation traces photographed from the oscillo- 
scope face during motoring and firing operation re- 
spectively. In each of these traces time progresses 
from right to left, and in the top two traces of each 
photograph the length of the trace corresponds to 
one engine cycle or 720 deg of crank angle. In most 
cases only a single engine cycle is recorded, al- 
though in some exposures portions of a second cycle 
appear. The top trace represents the radiation at 
1.89 microns as it was presented for temperature 
measurement. The middle trace represents the 
radiation at 2.55 microns attenuated as it was for 
temperature measurement (the attenuation was on 
the order of 1/10). The lowest trace represents 
again the radiation at 1.89 microns, but this time 
with the horizontal scale expanded. 


Accuracy and precision 


The absolute accuracy of this temperature meas- 
uring technique is not known and probably cannot 
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Fig. 5 — Fired engine radiation traces 


be known with certainty. The accuracy of the tem- 
perature data given here depends on: 


@ The accuracy of the calculated gas tempera- 
tures for the motored air runs, which in turn de- 
pends on the accuracy of the pressure, airflow, and 
other measurements and also on the assumptions 
involved in the calculation; 

@ The accuracy of the assumption that the tem- 
perature on the end-gas, as averaged by the radia- 
tion technique in the motored-air case, is, in fact, 
represented by the calculated value (which requires 
that temperature gradients in the optical path be 
negligible with motored air); and 

@ The accuracy of the assumption that no addi- 
tional factors become involved when measurements 
are made under conditions other than motored-air. 


Since these factors may never be known for sure, 
perhaps it will be sufficient to rely on the “‘reason- 
ableness” of the results obtained. This involves 
comparing the results with what might logically be 
expected from an engine and with results obtained 
by other independent, but perhaps equally uncer- 
tain, temperature measuring means. Attempts are 
made to check this “reasonableness” in the discus- 
sion of data to follow. 

If accuracy eludes our grasp, certainly precision or 
reproducibility, can be pinned down. Experience 
has shown that three classes of precision can be 
distinguished in this work, as follows: 


1. The precision with which a single temperature 
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reading could be made at one moment —i.e., the 
precision with which the ERRI attenuator dial 
could be set and read and a deviation from 50% on 
the coincidence meter was noticeable — was about 
+5 F. This was essentially the reading precision of 
the instrument and included no allowance for drift 
in either the instrument or engine conditions. 

2. The repeatability of readings for the same en- 
gine condition run from day to day or week to week 
with a motored engine was + 10-20 F. This variation 
is represented essentially by the scatter in the data 
on the individual curves shown later. It included 
the possibility of some drift in the instrument and 
engine operating conditions. This same precision 
existed for the fired engine in a given day’s running. 

3. The variation from day to day in the fired- 
engine studies, which included possible variations 
in ambient conditions, ranged up to +50 F. 


Reading precision and short term reproducibility 
of the two-wavelength technique for temperature 
measurement are of the same order as those for the 
sound velocity and emission-absorption techniques, 
but the latter mevthods do not seem to be troubled 
by the larger day-to-day variations noted here for 
the fired engine. 

It is possible that the large day-to-day variations 
in end-gas temperature encountered here for the 
fired engine may have resulted from variations in 
ambient humidity and its effect on burning rates in 
the engine. Such effects seem to have been magni- 
fied by the generally retarded spark timing used, so 
that power differences from day to day, apparently 
due to humidity changes, were also noted. 

Thus, it is quite possible that the +50 F precision 
mentioned above represents actual variations in 
engine end-gas temperatures and should not be 
charged to the temperature measuring technique 
as errors. 


Limitations 


Limitations remaining with this temperature- 
measuring technique are concerned with the time at 
which radiation from the normal flame in the cylin- 
der begins to interfere with the unburned gas tem- 
perature measurement, and the correction of the 
temperature readings for changes in optical depth 
under conditions of very high water vapor concen- 
tration. While neither of these problems is be- 
lieved to have appreciably affected the general con- 
clusions reached here, they remain as _ serious 
factors to be resolved in any future application of 
this technique. 


Test results 


With this technique, unburned gas temperatures 
have been shown to increase with increasing inlet 
temperature, coolant temperature, engine speed, 
spark advance, throttle opening, and exhaust back 
pressure, and with decreasing fuel octane number. 
End-gas temperature is a maximum near the maxi- 
mum power fuel-air ratio and decreases for richer 
and leaner mixtures. In general, engine cylinder 
wall temperatures, as affected by the peak cycle 
temperature, appear to have a strong influence on 
end-gas temperature. 
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HE TOILET SYSTEM installed in the Douglas 

DC-8 is a fine example of the problems of de- 
sign, testing, development, and service-debugging 
of a complex system in a modern airplane. 

While this system has no effect on the safety 
of an airplane, it can certainly delay takeoffs, if 
inoperative. It can, in fact, cause cancellation 
of a trip, should it become totally inoperative 
early in the flight. 

On the DC-8, the decision was made to mod- 
ernize the airplane by including flushing toilets. 
(That meant abandoning the old simple and re- 
liable system of a bucket with a seat over it... 
which had already been complicated slightly by 
making it possible to service the bucket from 
outside the airplane.) 

Since it was impractical, from a weight stand- 
point, to carry enough fresh water to flush the 
toilet, a filtering and recirculating system was 
used. 

Right then, complication reared its ugly head. 
It became necessary, since the airplane has four 
toilets (two forward and two aft), to have at 
least two waste tanks, two sets of recirculating 
pumps and two sets of filters. 

If four sets of everything had been used, the 
reliability would have been improved. There 
would be less probability of a single failure caus- 
ing half the toilets to become inoperative. But 
the maintenance would have increased because 
of the larger number of parts requiring service. 

Douglas designers compromised by using two 
waste tanks and filters per airplane, with four 
recirculating pumps .. . one for each toilet. 

The system was developed and tested in an 
apparently thorough manner. But when it en- 
tered airline service, filters clogged in early 
flights, with consequent stalling of pumps and 
inoperative toilets. The toughness of the toilet 
paper procured by some airlines as compared 
with that used in the Douglas tests was a major 
cause of these cloggings. So, it would appear, one 
must obtain worldwide samples of toilet papers 
if one is to test such a system thoroughly for 
transports destined for worldwide service . . . or, 
for the tests, use a paper tougher than any that 
conceivably might be used. 
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At Ford... 


Computer predicts 


Henry L. Setz 


REDICTING the performance characteristics of 

vehicles before production is important to the 
automotive manufacturer. Previously, performance 
predictions depended upon long-hand solution of 
complex equations. Now, however, rapid, reliable, 
mechanized prediction methods are available that 
reduce solution time as much as 95%. Also, the 
repetitive process of design, build, and test that was 
often necessary to supplement the hand solution 
may now be greatly reduced. This article reveals 
how Ford uses computers to predict car accelera- 
tion. 

Ford stipulates the desired characteristics for ac- 
celeration performance in the embryonic stage of 
passenger-car design. Specific objectives are se- 
lected for each of the following: 

1. 0-4 Second Start-Up Distance. This is the dis- 
tance traveled by a vehicle at wide-open-throttle 
during a 4-sec period after initial depression of the 
acelerator. 

2. 0-10 Second Start-Up Distance. 
except for a 10-sec period. 


Same as above 
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O01ISTANCE ————__e | 





- 190'+| — MAKE-UP DISTANCE 


ty |~—— VEHICLE RESPONSE TIME 





oe 
htt 


}~=—_———- t' = PASSING EXPOSURE TIME-SECONDS ——— 


Fig. 1 —50-mph passing exposure time — simulated passing maneuver. 
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3. 50 Mph Passing Exposure Time. This simulates 
a vehicle passing maneuver and is the time required 
at wide-open-throttle to accelerate the vehicle from 
50 mph constant speed through a distance 190 ft 
greater than that traveled by a 50 mph constant- 
speed vehicle during the same time. Time is meas- 
ured from initial depression of the accelerator from 
the 50 mph constant-speed position. The 190-ft 
make-up distance provides adequate vehicle spacing 
at 50 mph. While a downshift operation is included 
for cars with automatic transmissions, manual shift 
transmissions are appraised on the basis of high- 
gear operation. A graphical definition of this cri- 
terion is shown in Fig. 1. 


Development of fundamental relationships 


The problem of expressing acceleration perform- 
ance criteria in terms of kinematics and engineer- 
ing mechanics starts with the elementary concepts 
of motion and the natural laws which produce mo- 
tion. From these concepts we can express the dif- 
ferential equations defining the translatory motion 
of a passenger car. 


ds 
dt 


‘ dv dv\/ds vdv (2 
dt ~ \as)\ at) > as 


ds ode (3) 
a 


(1) 


or: 


and: 


dv 
dt (4) 
a 


where: 


t = Time, sec 
s = Distance, ft 
v = Velocity, fps 
a= Acceleration, fps 

We must also consider the causes of motion and 
the associated concepts of force, mass, and accelera- 
tion. From Newton’s laws of motion we get an ex- 
pression which provides the link relating the ve- 
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car acceleration 


hicle’s translatory motion to its cause, the resultant 
or net driving force at the wheels. 


F=Ma 
or: 


F - 
a M {9) 
The value for acceleration from eq. (5) is substi- 
tuted into eq. (3) and (4). F, the net driving force 
at the wheels, is a complex function of velocity and 
will be expressed as F(v). 


vdv Mvdv 
d: (6) 
' F(v) F(v) 
M 
dv Mdv 
dt 7 
F(v) F(v) ae 
M 


Vehicle start-up performance capabilities such as 
the 0-4 sec. and 0-10 sec. distances may be evalu- 
ated by integrating eq. (6). 


Mvdv 
0-4 sec. distance S [« | fvdt (8) 
F(v) 
' . 
Mvdv 
0-10 sec. distance S | ds | vdi (9) 
F(v) 


The equation expressing the 50 mph passing ex- 
posure time, t', is formulated from the graphical 
definition of this criterion shown in Fig. 1. 


190 + 73.33 t? = Mvdv 13334 
; F(v) 
Mvdv 
or 190 + 73.33 (t' —t,) a (10) 


F(v) 


The respective integral limits v,, v, and v, from 
eq. (8)—(10) must be evaluated before these integra- 
tions can be performed. The integration of eq. (7) 
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Fig. 2 — Integral evaluation — graphical description of 0—4 sec distance, 
0—10 sec distance, and 50-mph passing exposure time. 


for each performance criterion will accomplish this 
evaluation. 


0-4 sec. distance 


limit evaluation ~ (11) 
10 "2 
0-10 sec. distance Mdv 
limit evaluation | “ | F(v) On 
0 0 
t'-tr Us 
50 mph exposure time _ at Mdv 13 
limit evaluation © F(v) (13) 
0 73.33 


A graphical description of the method employed 
to evaluate the integrals expressed in eq. (8)-—(13) 
is found in Fig. 2. The M/F and Mv/F functions of 
velocity are plotted as shown. Determination of 
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. continued 


the area under the M/F function between limits 
prescribed for each criterion defines the respective 
upper limits for the integral of the Mv/F function. 
Subsequent determination of the areas under the 
Mv/F curves evaluates the respective integrals of 
this function. Eq. (8)-(13) represent all of the 
fundamental relationships required to express our 
acceleration performance criteria. 


Evaluation of performance equations 


The calculation of distance or time values from 
equations expressing performance criteria can be 
accomplished by either analog or digital computers. 
Problems requiring numerous repetitive solutions, 
such as those in the performance field, are best 


IVE MASS FACTOR 


EFFECT 


Fig. 4— Effective Mass Factor is a factor used to express powertrain 
rotating inertias as a function of the translatory mass of the vehicle. 
Experimentally determined factors representing many different vehicles 
are plotted against N/V to construct a curve. The ratios of engine rpm 
to car speed’ are calculated for a specific vehicle, and corresponding 
values of effective mass factor are read from the: curve and substituted 
in Eq. 20. 
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handled by the digital machine. Since the digital 
computer performs all mathematical operations by 
addition and subtraction, a numerical integration 
of the performance equations is required. 

Numerical integration is a particular numerical 
summation process commonly employed to evaluate 
definite integrals of a complex nature. To perform 
this operation, a dependent variable is first selected 
and then subdivided into a large number of incre- 
ments of definite magnitudes. The equation is nu- 
merically evaluated for each successive increment 
of the dependent variable. The incremental evalu- 
ations of the independent variable thus obtained 
are summed between prescribed limits to evaluate 
the integral. 

Either time or velocity may be selected as the de- 
pendent variable for numerical integration of the 
performance equations. Since most of our power- 
train characteristics are expressed as functions of 
velocity, we have selected velocity as the dependent 
variable. The magnitude of velocity increments 
selected for our computer solutions is 0.50 mph. 

Since eq. (8)—(10) contain specific integrals rep- 
resenting vehicle distance, the general equation for 
distance will be employed to demonstrate the evalu- 
ation procedure. 


Mvdv 
Vehicle distance traveled = S ic [3% 


M 
F(v) 


(14) 


> Vav | 


n 


AV = Velocity increment 
V = Mean velocity for each AV 
n= Number of increments 


Eq. (15) will now be expanded to incorporate sig- 
nificant vehicle and powertrain characteristics re- 
quired to evaluate the summation. Note that all 
force terms resulting from the expansion are func- 
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Fig. 5—0-10 Mph Time Curve is em- 
ployed to express vehicle startup response 
characteristics empirically. The numeri- 
cal integration of Eq. 20 is initiated from 
a vehicle speed of 10 mph when predicting 
0-4 sec and 0-10 sec distances. The first 
velocity increment (0-10 mph) is evalu- 
ated from the curve, where 0-10 mph 
time is plotted as a function of an arbi- 
trary constant K defined above. The curve 
represents an average of data compiled 
from tests of many passenger cars with 
automatic transmissions. 
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S VaV , 
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where: 


W,M 
Mass, slugs _ a 


T-CrpRoEoR,E, 
Tr, 


Tractive effort, lb 


C,W, C,pAV: 


2 


p 


Road-load thrust, lb 


Substituting eq. (17)-(19) into eq. (16) and 
lecting terms, we have: 
Vehicle distance traveled 


w,M, 
TC, rRcEoR,E, ys C,W, be C)pAV? | 
r, p 2 j9 


LV av | 
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A brief definition of terms for eq. (20) is shown 
in Fig. 3. The group of terms expressing net driving 
force is a complex function of velocity. These terms 
are expressed in the form of empirical curves con- 
structed from test data or as predicted curves. 

Effective Mass Factor (Fig. 4) is a factor used to 
express powertrain rotating inertias as a function 
of the translatory mass of the vehicle. Experimen- 
tally determined factors representing many differ- 
ent vehicles are plotted against N/V to construct 
the curve shown in Fig. 4. The ratios of engine rpm 
to car speed are calculated for a specific vehicle, 
and corresponding values of effective mass factor 
are read from the curve and substituted into eq. 
(20). 

0-10 mph Time Curve (Fig. 5) is employed to ex- 
press vehicle start-up response characteristics em- 
pirically. The numerical integration of eq. (20) is 
initiated from a vehicle speed of 10 mph when pre- 
dicting 0-4 sec. and 0-10 sec. distances. The first 
velocity increment (0-10 mph) is evaluated from 
the curve, where 0-10 mph is plotted as a function 
of an arbitrary constant K defined in Fig. 5. The 
curve represents an average of data compiled from 
tests of many passenger cars with automatic trans- 
missions. 

Engine speed-car speed relationships must be ac- 
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Fig. 7 — Car acceleration performance calculation — powertrain equipped with automatic transmission — 


Computer predicts 


car acceleration 
. continued 


curately determined to express the net driving force 
function of vehicle velocity correctly. The precise 
definition of this relationship is complicated by con- 
verter slip and the effective slip or creep between 
the driving tires and the road surface. Compati- 
bility between net driving force terms from eq. (20) 
and the mean velocity of each increment evaluated 
is achieved by a driveshaft speed matching tech- 
nique. 

Vehicle acceleration with spinning drive wheels 
occurs when the tractive capacity of the driving 
wheels is exceeded by the tractive force transmitted 
by the powerplant. The acceleration magnitudes 
associated with spinning drive wheels are limited 
by the available traction at the road surface. The 
evaluation procedure for the numerical integration 
of distance includes a technique for imposing a 
tractive limit. 


Evaluation of vehicles 
with manual-shift transmissions 


The procedure previously outlined pertains to the 
prediction of acceleration performance for pas- 
senger cars with automatic transmissions. The pre- 
diction of performance for manual-shift-transmis- 
sion vehicles require the following changes: 

1. Elimination of equation terms describing the 
torque converter. 
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2. Deletion of the procedure for matching the en- 
gine and torque converter. 

3. Substitution of appropriate 
transmission vehicle input data. 


manual-shift- 


Solution of performance equations 
by hand calculation 


The numerical integration of performance equa- 
tions can be accomplished with an ordinary desk 
calculating machine. To reduce the human labor 
required to process the integration, the magnitude 
of the dependent variable increment AV is increased 
to5 mph. Some accuracy is sacrificed to fulfill this 
objective. The hand calculation process is tedious, 
time consuming, and continually subject to human 
error. A computer solution is more effective, saving 
both time and money. 


Computer solution techniques 


Since many solutions of the performance equa- 
tions are required during the normal course of ve- 
hicle design, a digital computer was selected to per- 
form the calculations. 

A carefully devised set of detailed instructions is 
prepared to direct the computer during the problem 
solving process. These instructions are known as a 
computer program, and they serve a dual function. 
The program outlines in logical sequence the de- 
tailed steps the computer must follow to solve the 
performance equations. It also prescribes the de- 
tailed sequence of operations necessary to transform 
the equations and related input data into a form 
acceptable to the computer. 
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SUC 


data processing flow chart, IBM 650 digital computer 


The input data previously shown in the form of 
curves to facilitate illustrations are actually proc- 
essed by the computer in the form of polynomial 
equations or tables. 

A special set of forms was designed for recording 
all required input data. These forms are made 
available to all engineering personnel desiring pas- 
senger-car acceleration performance predictions. 
The coded data from these forms are punched onto 
cards and fed into the computer. 

Fig. 6 is a general schematic flow chart portraying 
a computer prediction of acceleration performance 
criteria. 

Fig. 7 presents the data processing flow chart 
expressing computer prediction of acceleration per- 
formance for a passenger car equipped with auto- 
matic transmission. 

Fig. 8 is a sample of the computer output tabula- 
tion. 

As the calculation proceeds, the computer prints 
out a progress report of the numerical summation 
at the end of each 5 mph increment of vehicle speed. 
The numerical predictions of each performance cri- 
terion, vehicle shift speeds, and other pertinent 
input data are included in the print-out for refer- 
ence and checking purposes. 


Performance prediction system applications 


The principal applications of the prediction sys- 
tem fall into two general categories: 

1. Determination of powertrain component char- 
acteristics to achieve performance objectives for a 
vehicle design program. 
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| COMPUTE NEW ROAD LOAD, 
DRIVESHAFT SPEED, ETC., AS 


ATANDE AD 
SHOWN ON PAGE NO. 
PUNCH DATA IF V IS AT 
10.13 MPH MEAN CAR SPEED, | 
15 MPH MEAN CAR SPEED, OR 
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| 
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ENGINE RPM GREATER THAN 
SHIFT SPEED. 
2 NEGATIVE ACCELERATION. 


7 
} I. 


13. MEAN CAR SPEED GREATER 
THAN ONE OF THE “PASSING 
CRITERIA” SPEEDS. 

| PERFC RM INDICATED OPERATIONS 


| AS RESULT OF ABOVE CHECKS 
(i.e., SHIFT GEARS, OR HALT | 
|} CALCULATION, OR START-UP } 


| ADDITIONAL PASSING CALCULATION 


COMPUTER OUTPUT 
TABULATION 


2. Comparison of powertrain components for a 
specific vehicle. 

The first type of investigation requires the pre- 
diction of both acceleration performance and fuel 
economy criteria for a substantial number of hypo- 
thetical vehicles. Input data for each powertrain 
component are arbitrarily selected to cover a wide 
range of possibilities. The predicted values of time 
and distance criteria are plotted against values of 
fuel economy criteria for each hypothetical vehicle. 
Performance and economy design objectives are 
then superimposed on these plots. Fig. 9 shows a 
sample cross-plot for several engine sizes in combi- 
nation with a series of axle ratios. From this cross- 
plot it is evident that economy can be optimized for 
a given performance objective, or vice versa. Vari- 
ations of the cross-plotting technique can be ap- 
plied to appraise other component characteristics. 

The second type of investigation is employed to 
study the comparative performance merits of two 
or more unlike samples of the same component, 
such as several engines, torque converters, axle 
ratios. When component characteristics are accu- 
rately represented, calculated comparisons are more 
reliable than test comparisons. In a computer solu- 
tion all variables associated with test measurements 
and their reproductibility are eliminated. 


Prediction system accuracy and cost data 


The accuracy of a computer solution is depend- 
ent on two principal factors: 
1. The validity of the equations expressing the 
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Fig. 8 — Computer output tabulation. 
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Fig. 9— Powertrain optimum selection — performance versus 
economy. 
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fuel 


performance criteria. 

2. The accuracy of input data employed to solve 
the performance equations. 

Prediction accuracy is defined as per cent devia- 
tion from the true mean of a subsequent production 
vehicle. For vehicles incorporating production 
powertrain components with known characteristics, 
the prediction accuracy is+5%. For vehicles incor- 
porating future components with carefully esti- 
mated characteristics, the prediction accuracy is 
+7%. Mean measured or estimated values of input 
data are used for all performance criteria predic- 
tions. 

The accuracy associated with comparison of com- 
ponents will be as good as that related to the input 
data expressing component characteristics. For 
examples such as axle ratio comparisons, the com- 
parative error is for all practical purposes non- 
existent. 

Additional refinement in expression of some of 
the basic terms of the performance equations is con- 
templated to provide future accuracy improvement. 

The utilization of the prediction system has been 
steadily increasing since its introduction, as indi- 
cated in Fig. 10. During the calendar years 1957, 
1958, and 1959, over 4000 separate vehicle appraisals 
were processed: ” ; 

The cost and solution-time Tequirements for com- 
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puter prediction of all acceleration performance 
criteria for a single vehicle are very reasonable, as 
indicated in Table 1. The corresponding average 
cost and time estimates for slightly less accurate 
hand-calculated predictions are also listed. 


Prediction system cost data 


The cost and time data shown in Table 1 for com- 
puter calculations are based on the use of an IBM 
650 computer. These estimates are based on com- 
plete utilization of computer time on many different 
jobs. However, under most operating conditions 
conceivable, these costs would be no greater than 
double the dollar values indicated. 


Future outlook 


Much remains to be done in perfecting procedures 
for expressing complex problems by equation sys- 
tems and in adapting these for solution by com- 
puters. The interrelationship of variables express- 
ing powertrain component characteristics require 
further investigation and study so that more pre- 
cise methods of representation may be developed. 
Progress in this direction will be evolutionary in 
nature and will result in the development of more 
powerful enginering tools. 
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Fig. 10 — Prediction system utilization. 


Table 1 — Prediction System Cost Data 
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Developing 


car tires 


for 500-Mph 


speeds 


Abridgment of an 
SAE Texas Gulf Coast Section Paper 


D 


Based on paper by 

E. W. McMannis 

Coodyear Tire G Rubber Co. 

EFORE undertaking to develop tires to carry a 

car at 500 mph there are three things you must 

have: 

@ Materials with strength adequate to withstand 

the high centrifugal forces. 


e@ A proved design, which can be applied. 
continued on next page 








Developing 
car tires 

for 500-mph 
speeds 


. continued 


@ Facilities for evaluating the tires before they go 
on the vehicle. 


When we were approached to develop the tires for 
Mickey Thompson’s Challenger 1, which established 
the American land speed record of 363.67 mph and 
broke four international records, we said “Yes,” but 
only after we had determined that the three require- 
ments could be met. 

We had a material more than twice as strong as 
cotton in nylon cord with 5.9-9.2 gms/denier. A 
high strength/weight ratio is very important when 
you consider that each pound of normal size passen- 
ger-car tire exerts a force of over 8000 lb at 420 mph. 
We had the “flat top” design developed for jet air- 
craft, which must land at 300 mph. And, finally, we 
were building a new multistage dynamometer which 
could simulate both landing and take-off speeds of 
320 mph under exact operating conditions. In con- 
junction with this was a tire-on-tire stage designed 
to operate to 5500 rpm. On a normal size tire this 
would be equivalent to 450-500 mph, or adequate to 
fully test the land speed record (LSR) tires. 


Service conditions 


The next phase was to engineer the tires, and it 
began with assembling the known characteristics of 
car and course, as shown in Table 1. From these 


Table 1 — Car and Course Characteristics for 
Land Speed Record of 363.67 MPH. 


Car 
4500-Ib curb weight. 
1000-Ib air load at 400 mph. 
13.5 sq ft of frontal area. 
30-in. height (tire). 
0.75-in. tire clearance. 
4490 rpm, 30-in. wheel at 400 mph. 
2400 hp. 
4 engines; dual tandem, 
counterrotating. 


Course 
Smooth salt. 
Cooled by moisture. 
Nonabrasive. 
Variable traction coefficient. 
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data the limits of load, tire height and growth, and 
tread were defined so that calculations could be 
made to determine inflation pressure, tire width, and 
strength necessary to do the job. The minimum size 
of tire to carry the car at 420 mph was found to be 
6.7 in. wide with the 30-in. OD inflated to 100 psi. 

Understanding the nature of a distortion or inertia 
wave in a tire run overload at high speed aids in de- 
signing a tire to operate at high speeds. The tire is 
essentially a spring which is relaxed as it contacts 
the road, and the tread is weight attached to the end 
of that spring. Imagine, for example, a weight sus- 
pended on the end of a light coil spring. If we raise 
the weight with the palm of the hand and lower it 
slowly the weight comes to rest at the original posi- 
tion and there is no work done. But if the weight is 
raised and dropped suddenly, it will fall below its 
original position and go into a damped vibration 
until all of the energy is absorbed into the system. 
This damped vibration appears on the tire as a dis- 
tortion wave and all the energy results in heat, 
which destroys adhesion, melts nylon fabric, and 
causes porosity in rubber. 


Decreasing the vibrations 


We can decrease these vibrations in a tire as we do 
ina Spring system. We can increase the spring rate 
by using higher inflation pressure so that the tire is 
not deflected as much by the load; we can decrease 
the weight effect by using a thinner, lighter tread, 
or we can reduce the amount of deflection by reduc- 
ing the load on the tire. 

Calculating the centrifugal force from a known 
point (0.5 treaded tire at 100 mph) gave us a tread 
thickness of 0.025 in. for 400 mph. Since wear is not 
a factor on the salt flats of Bonneville, the tread was 
adequate for the LSR tire. A further weight saving 
was obtained by making the tire tubeless, and the 
final size was 7.00 x 21. 


Testing to evaluate performance 


Free spinning the tire through a speed range to 
500 mph and measuring the radial growth on the 
television monitor showed that a radial increase of 
0.6 in. with 100 psi at 400 mph was within the 0.75-in. 
clearance limit designed into the car. The curves 
obtained that way indicated that the strain on the 
cord was the sum of the inflation pressure and cen- 
trifugal force, since the change in radial growth was 
proportional to the change in inflation pressure. 
Temperature data showed the tire operating at the 
same temperature at 420 mph as a regular automo- 
bile tire does at 100 mph. 

Performance on the salt flats was better than in 
the laboratory. Even at speeds over 360 mph the 
tire temperatures were only 150 F, probably due to 
the cooling effect of moist salt. The thin tread 
showed no sign of wear after eight runs. Usually 
tires are changed after each run because of tread 
chunking and heat. 
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How to get 


Positive Gas Sealing 
with Flared Fittings 


Carrying the hoop stress in the nut is a solution 


to leaky AN-type fittings for high-pressure gas sealing. 


C. M. Richards 


RESENT AN-type fittings don’t always do a posi- 

tive sealing job because the sleeve and nut maxi- 
mum allowable stresses are reached before yielding 
occurs at the seal point, research at Convair shows. 
A possible solution to the problem is an MS 21921 
modified sleeve and nut. 

Early work at Convair showed that yielding must 
occur at the seal interface if positive sealing of 


r pd pp rrp r> 


AN Standard Flared Fitting 


helium is to be accomplished. These results were 
confirmed using a fitting material with a 30,000 psi 
yield (corrosion-resistant steel) and tubing with a 
75,000 psi yield. 

A comparison of the two types of fittings is shown 
in Fig. 1 and their performance using the above ma- 
terials in Fig. 2. In each case the allowable torque 
on the MS 21921 nut exceeds that required for posi- 
tive sealing, while the standard AN fitting at best 
only partially meets the torques required for sealing 
in three cases. Further, the torque instructions in 
AND 10064 fall far short of that necessary to pro- 
duce yielding at the seal point and the resultant 
positive seal of helium with these typical materials. 

Besides meeting the torque requirements for seal- 


Modified Flared Fitting (MS 21921) 


Fig. 1 — COMPARISON OF AN AND MS TYPE FLARED FITTINGS shows that the MS type is designed to carry 


the hoop loads in the nut rather than the sleeve. 


OCTOBER, 1960 


This design difference allows positive sealing torques. 
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Positive Gas Sealing 
with Flared Fittings 


. continued 


ing, the modified configuration would have the fol- 
lowing advantages: 


1. The weight of the assembly would not be in- 
creased for this extra performance. 


2. Interchangeability and compatibility with ex- 
isting installations is maintained. 


3. Improved vibration performance would result 
from the better support provided at the root of the 
tube flare. 


4. Bursting strengths are increased about 20%. 


‘Analysis of AN-type fittings 


The actual forces on fittings were determined by 
mounting simulated fittings in a tension testing 
machine and torquing the nuts. This gave a direct 
correlation between torque and tension, and elimi- 
nated the undetermined variables. These tension 
forces represent the net force available to draw the 
three elements of the fitting together. This force 
is then resolved into a force acting normal to the 
sealing surface. It is this normal force that must 
develop the required 30,000 psi at the seal if yield is 
to occur and a positive seal result. 

This normal force may be broken down into two 
components, one axial and one radial. The radial 
component is resisted by and is the result of hoop 
stresses set up in the sleeve. From this, it may be 
seen that the limiting factor on the force normal to 
the seal is the hoop strength of the sleeve. In the 





Fig. 2— A PERFORMANCE COMPARISON of the 
two types of fittings shows that in only three sizes 
of AN fittings there is a possibility of positive seal- 


ing without excessive torque. Only in the /% and 34 
sizes are the specified torques even in the required 
range. This accounts for the relative reliability of 
these size fittings in sealing gases. 
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smaller size fittings, the sleeve comes close to yield- 
ing under AND 10064 specified torques and will yield 
when a test pressure of 6000 psi is applied. Still the 
force necessary for yielding at the seal surface may 
not be reached. It is obvious that the nut is carry- 
ing the hoop loads beyond the capacity of the sleeve, 
even though it is not designed to do this. 

The overall torque and stress picture for AN-type 
fittings is shown in Fig. 3. The torque test results 
are shown as two limiting curves, which represent 
the highest and lowest sealing stresses found for a 
given torque. The points where these two curves 
intersect the 30,000 psi line bracket the range of 
torques that might be expected to produce a positive 
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seal. To insure a seal every time, the torque applied 5/8 IN. FITTING 
should be above this range. Also plotted is the maxi- : 
mum sleeve stress for various torques. When a 
Sleeve stress of 30,000 psi is reached, the correspond- or 
ing torque is the maximum allowable torque. Other- 
wise, the sleeve may yield, jamming the nut threads 
or transferring the hoop load to the nut. e 
On the same graphs, the nut stress of the modified 
MS 21921 fitting is plotted. In this type fitting, the 
heavy nut is designed to take the hoop stress and 
the sleeve has been reduced to a vestigial structural 
element. For each size of fitting, the maximum al- 
lowable torque is far above the range required for 
sealing. 
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sleeve, sealing surface, and modified flared fittings for sizes from 14 to | in. 
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Glossary of terms 


\db 
Wy 6 


net thrust, lb 

nozzle gross thrust, lb 

form thrust, lb 

friction drag, lb 

ambient pressure, psia 

total nozzle throat area, sq in. 


supersonic ejector mach number at 
exit prior to normal shock 


secondary flow throat mach number 


secondary flow entrance mach num- 
ber 


augmentation thrust, ib 
secondary weight flow, lb/sec 
primary weight flow, lb/sec 
local flow annulus area, sq in. 
local flow static pressure, psia 
local flow axial velocity, ft/sec 
local flow normal velocity, ft/sec 
local flow density 

incremental density 
incremental axial density 
incremental normal velocity 


1, 2, 3—referenced to each local 
annulus 


external force (pressure force, vis- 
cous force, etc.) experienced by jet 
exhaust 


local flow total pressure, psia 
axial distance from exhaust plane 
total stress 


function of the type of acoustic 
source and radiation field assumed 


? (A,, A, A, and U,, U,, U;) 
ambient speed of sound 
ambient density 

jet acoustic power 

rms sound pressure level, db 


overall rms sound pressure level, 
db. All db values referenced to 
0.0002 dynes/cm? 


attenuation (noise reduction) 


corrected total weight flow 


Momentum 


cut 20 db 


... during scale model tests. Expect 9db 


Thrust loss no more than 


Emanuel J. Stringas 


OMENTUM EXCHANGE SILENCERS have cut 

jet noise up to 20 db during tests conducted by 
Curtiss-Wright. Scale model test data exhibited 
peak-to-peak attenuation of 20 db along maximum 
exhaust noise azimuths at a nozzle pressure ratio of 
3.1. 

Two of these exhaust nozzles were designed and 
tested utilizing the flow concentricity technique 
(evaluating the effect of area splitting on the total 
sound power emitted by a jet exhaust). The two 
models were essentially bi-annular multiexhaust 
plane nozzle configurations. A sketch of the basic 
model is shown in Fig. 1. 

Models were made up of three convergent flow 
passages — a center convergent nozzle and two co- 
annular nozzles. The model was designed in such 
a manner as to permit variation of the outer annular 
area for various fixed inner annular and center 
flow areas. The basic configuration with only 22% 
of the total mass flow passing through the center 
nozzle achieved an overall attenuation of 3.5 db ata 
pressure ratio of 2.00, and an overall attenuation of 
20 db at a pressure ratio of 3.10. This configuration 
exhibited a gross thrust equal to that of a conven- 
tional convergent nozzle. However, gross thrust 
augmentation was required to offset the higher fric- 
tion drag which is inherent in this type nozzle due 
to increased wetted areas. 

These higher friction drags can, however, be re- 
duced by either or both of the following methods: 
(1) optimization in the design of the concentric pas- 
sages, and (2) utilization of a simple ejector system. 
The latter augmentation type was utilized in the 
second concentric convergent configuration. This 
final configuration was essentially a fixed area ver- 
sion of the variable first model and was designed to 
pass 20% of the total mass flow through the center 
passage. It is shown in Fig. 2 with the ejector at its 
design position. 

Acoustically, this second model exhibited excel- 
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exchange silencers 


from jet noise 


reduction on commercial bypass jets, 14 db on 2-spool jets. 


with multilobe suppressors. 





Fig. 1 — Basic suppressor exhaust nozzle. 





Ao 2069, AS =020 AE =120, 40-345 
A, A, A, A 


Fig. 2 — Exhaust suppressor nozzle with ambient ejector. 


lent attenuation characteristics, especially in the 
pressure ratio range of 2.00. Maximum overall at- 
tenuations of 11.5 db and 15 db were exhibited by 
the no-flow ejector configuration at pressure ratios 
of 2.0 and 3.0 respectively. 

Aerodynamically, this first second model with 
ejector, exhibits a 7.0% decrease in net thrust from 
an equivalent convergent configuration. This value 
is comparable to those obtained by current multilobe 
nozzles with and without ejectors at pressure ratios 
of 2.00. 


OCTOBER, 1960 


Theory 


The nature of noise caused by mixing of the jet 
into the ambient environment suggests certain 
methods of suppression and control. Obviously, the 
noise is produced by the action of the jet stream 
after leaving the nozzle. Experimental data and 
certain analytical works have shown the noise to be 
a function of jet velocity, temperature, turbulence, 
shear boundaries and other parameters which all 
tend to describe the rather violent decay of the ex- 
haust gas jet. Therefore, alteration of the initial jet 
stream shape, with a resulting change in the down- 
stream mixing process would appear to be the most 
likely method of tackling the external aerodynamic 
noise portion of the problem. 

Measurements performed on standard conical 
type nozzles have shown the origin of the high fre- 
quency portion of the exhaust noise spectrum to be 
located near the nozzle exit, the middle frequencies 
somewhat further downstream, and the predomi- 
nant low frequency noise origin to be up to ten noz- 
zle diameters distant from the nozzle exit. This in 
itself would indicate the noise to be, in a large part, 
due to the turbulence resulting from the jet stream 
mixing and decay process, the magnitude of which 
increases as the distance from the nozzle becomes 
greater. 

At distances very close to the nozzle exit, up to one 
nozzle diameter distant, the peak noise frequencies 
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Fig. 3 — Theoretical estimates of friction drag, form thrust, and net drag 
of concentric and convergent nozzles. 


Momentum exchange silencers 
cut 20 db from jet noise 


. continued 


are in the order of 100,000-150,000 cps. It can be 
reasonably assumed that this noise is generated 
by the very fine eddies formed by the stream- 
line flow jet stream core, traveling at or near sonic 
speed. If it were possible to maintain this exhaust 
stream velocity and prevent jet velocity decay, no 
problem would exist, since the aerodynamic noise 
would thus be confined to frequencies mostly out of 
the range of hearing and would be attenuated in air 
over extremely short distances. Conversely, a tre- 
mendous amount of air or other gases can be moved 
at extremely low velocities with practically no gen- 
erated sound. 

Neither of these extreme opposites are practical 
in reality. Therefore, actual methods of altering the 
exhaust gas flow pattern must be compromised. To 
maintain thrust for a given engine, it would seem 
that methods other than pure velocity control must 
be developed. This leaves as variables to be at- 
tacked: the shear gradient between the exhaust jet 
and ambient, the spreading characteristics of the 
jet, mass flow split to control noise frequency shift, 
and any other variables which may affect these in- 
terrelated phenomena. 

Thrust characteristics of the two basic models 
(approximately 20% of total mass flow through the 
center jet) were computed assuming that the net 
thrust was made up of the friction drag, form thrust 
(due to extended conical annuli surfaces) and the 
nozzle gross thrust. This net thrust can be ex- 
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Fig. 4 — Theoretical estimates of net drag and jet gross thrust ratios. 


pressed in dimensionless form as follows: 
jet gross thrust 


F,, F,  D 
P.A, PsA, PuA; 


Fx; I 

P.A, 
nozzle net drag 

gross 

thrust 


Dimensionless friction drag, form thrust, and net 
drag are shown in Fig. 3 together with the net drag 
of the equivalent convergent nozzle. In Fig. 4 the 
net drag ratio (concentric to convergent) as well as 
the jet gross thrust ratio as a function of pressure 
ratio is presented for informative purposes. Exami- 
nation of Fig. 4 indicates that from the jet gross 
thrust point of view, the concentric configuration 
will exhibit approximately a 1.5% jet gross thrust 
loss at 2.03 pressure ratio, and approximately 1.2% 
jet gross thrust increase at 3.10 pressure ratio. 
Therefore, the main disadvantage of any concentric 
configuration is its inherently high friction drag. 

The net jet thrust curves presented in Fig. 5 in- 
dicate that the thrust losses in the range of 6.0 — 
9.2% will be exhibited by both the approximate 20% 
mass flow center jet concentric configurations in the 
pressure range of 2.0 to 3.0. However, these losses 
were reduced when a small ejector was designed and 
installed with the concentric configuration. The 
ejector was designed with an exit area equal to 1.20 
of the total concentric flow area. The pertinent 
aerodynamic characteristics of this ejector are 
shown in Fig. 6. The Mach number (M) in Fig. 6 is 
the supersonic value before the flow undergoes a 
normal shock at the ejector exit. Maximum ejector 
weight flow obtainable was in the order of 10% and 
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Fig. 5 — Theoretical estimate of net jet thrust parameter for concentric 
and convergent nozzles. 


decreased with increasing pressure ratio. 

Since the degree of induced air decreases with 
pressure ratio, the augmentation parameter A,,,, 
P.A, must of necessity decrease also. The degree 
of improvement is readily apparent from Fig. 7, es- 
pecially in the lower pressure range where the net 
jet thrust loss was decreased to 7.0% compared to 
the 9.2% value of the naked configuration. This is 
a decrease of approximately 25% from the non- 
ejector configuration. This comparatively large im- 
provement was obtained with a relatively small 
ejector and a larger amount of augmentation could 
have been obtained with a larger ejector. However, 
this would not have been without penalty, since the 
structure weight and shroud drag would have been 
increased. 

Acoustic characteristics of both concentric con- 
figurations are dependent on the mass term of the 
momentum transfer equation. Since the exit ve- 
locity was kept constant for each flow passage, the 
decrease or increase in sound pressure energy will 
be a function essentially of the area splits. This in 
turn will be reflected in the magnitude of the “mo- 
mentum flux” terms. A qualitative approach to the 
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Fig. 6 — Ejector characteristics. 
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Momentum exchange silencers 
cut 20 db from jet noise 


. continued 


noise generation of a concentric extended annuli 
exhaust nozzle is presented below. ... 

At some station z (Fig. 8), before the jet decays 
completely, the total stress (which is in turn pro- 
portional to the acoustic power generated) can be 
broken down into a convective part (the momentum: 
that must be transported through a unit surface 
area) 

As, [p, + | Ap, |] [Uz + | Au, |] Us+ 
A,, [Pn + 


ny 


Ap, (Uy, r Au, J Vn 


and the so-called external force (which includes the 
pressure force, viscous force, etc.) that must exist 
across this same unit area. 


Fi,+F 


Therefore, the total stress (t,) of the three flow 
areas is as follows: 
T, 3 An, [P, + | Ap, |] (u, + | Aw, |] 0, + F,. 
n 1 
For sonic operating conditions up to a pressure ratio 
of 3, the spreading characteristics can be consid- 
ered negligible. 


A: ~A An, ~ A,. 
Since all the passages are at the same energy level, 
P;, =Pr, Pee tec, Sur i = 8; a... 


the expression for the total stress at r can be com- 
bined to give: 


uy , Au, Pot Au \p, jt se 


The incremental change in the density and ve- 
locity is essentially a function of nozzle underex- 
pansion. The values of these terms may be found 
by various methods of flow linearization or by the 
method of characteristics. Therefore, the bracketed 
expression containing the first and second order 
terms in the above equation is a function of the 
adjacent static pressure ratio, 

ae 
r, Fy 

Since the static pressure ratio P,/P,' is essentially 
1.00, Au, and |Ap,| will be small relative to those of 
the adjacent flow area (A.,), and will be negligible 
to those of the outer annular flow area (A,). The 
normal velocity v,, will also be small since the 
energy levels of 1 and 2 are of the same order. 
This fact is verified by examining Fig. 9. The veloc- 
ity profiles for these three pressure ratios were 
taken 4 in. downstream of the center passage exit 
plane. The normal components v,, v,, and v, can 
be evaluated to some degree, by using the turbulent 
boundary layer expressions of Von Karman and 
Prandtl for mixing. 

Maximum value of incremental density and pres- 
sure must of necessity occur at the outer annular 


P, 
, and P, 
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flow area since this portion of the jet is expanding 
into no flow ambient conditions (u,=0). In other 
words, the expressions 


[po + |Ap,|][U,+ |Au, ]-v, and F, 


are maximum at this outer annular flow section. 

For a first approximation in determining the rela- 
tive change in the acoustic power generated for a 
high pressure ratio hot jet exhaust, the total stress 
expression can be simplified and expressed as fol- 
lows: 


+ 


W, = T f(K) 


*/ Asurface 


f(K) - | f p,U, - A.v. + F, + 
| 1 


surface 


| pu, A,v, + F 
{surface J 
where f(K) is a function of the type of acoustic 
source and raciation field assumed (analogous to 
Lighthill’s coefficient) . 

It was not feasible to attempt to arrive at a nu- 
merical value for f(K) since the tests were limited 
to one specific total flow area. However, this co- 
efficient can be cefined if exhaustive aerodynamic 
and acoustic testing were undertaken, in which in- 
dividual area flows, A,, A,., and A, are indiscrimi- 
nately varied for a number of constant total flow 
areas (A7,). 

The aforementioned expression for acoustic power 
can be further simplified if the jet exhaust density 
is assumed to be equal to ambient ‘essentially cold 
flow), the normal velocity (v,,) and force (F,) are 
functions of each discrete flow passage area and 
axial velocity, and the type of acoustic source and 
radiation field is identical to that of Lighthill. Thus, 
the expression for acoustic power of a cold concen- 
tric jet dumping into still air is 


W,=W- p,a,°[A,U,* + A,U,* + A,U,8] 


Results 


In order to correlate the results obtained from 
the basic concentric tests, the ratio of the sum of 
the inner and outer areas (A,+A,) to the total flow 
(A,) is plotted in Fig. 10 as a function of average 
overall sound pressure level for various values of 


corrected weight flow (W\/é@). It can be seen that 
the lowest average overall sound pressure level 
exists in the area ratio vicinity of 0.80. Further 
increases in the percentage of annular flow to total 
flow produce relatively small reductions in sound 
pressure level. This criteria of minimum sound 
pressure level was utilized in the final concentric 
design. Noise polars of both the basic and final 
concentric configurations are shown in Figs. 11 and 
12. The improvement at a pressure ratio of 2.0 is 
quite apparent. 

Fig. 13 is a typical noise spectrum of the final 
concentric configuration tested at pressure ratio of 
2. Examination of Fig. 13 reveals that excellent 
attenuation characteristics are exhibited in the first, 
fourth, sixth, seventh, and eighth octave bands. 

A cross-plot of OSPL as a function of pressure 
ratio in the 42 deg and 78 deg azimuth is presented 
in Fig. 14 for various basic configurations tested; 
while in Fig. 15, the OSPL for the final concentric- 
ejector tests is shown. Both Figs. 14 and 15 reveal 
that the overall sound pressure level of concentric 
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Fig. 14— Comparison of overall sound pressure levels for various basic 
concentric convergent configurations and a standard convergent nozzle. 


— CONVERGENT (A,=2.00 SQ IN.) 

~~~ CONCENTRIC(A,=.4,A,=.7, A,=9) 

~~ CONCENTRIC WITH EJECTOR CLOSED (A,=.4, 

----CONCENTRIC WITH EJECTOR 
(A,=.4, Ap*.7, As=.9, Ag=1.65) 

——— CONCENTRIC WITH EJECTOR AT DESIGN POINT 
(A, =.4,A,*.7,A,=.9,Ag=.4) 


100% OPEN 


130; 30° AZIMUTH 
120 4 


No ; 





100 ; 


95+—_- . . — 


20 3.0 


OVERALL SOUND PRESSURE LEVEL -db-rms 


PRESSURE RATIO 


Fig. 15 — Comparison of overall sound pressure levels for various final 
concentric convergent configurations and a standard convergent nozzle. 
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configurations are considerably lower than their 
standard convergent counterparts at all the pres- 
sure ratios tested. 

Attenuation characteristics of the basic concen- 
tric configuration and the final concentric model 
are shown in Figs. 16 and 17 respectively. Fig. 16 
quite vividly illustrates the superiority of the basic 
concentric configuration, especially in the higher 
pressure ratio range where a maximum overall at- 
tenuation of 20 db at pressure ratio=3.1 was 
achieved. 

A summary of the overall SPL noise reductions 
at the maximum azimuth plane (42 deg) as well as 
at the 78 deg azimuth plane are shown in Table 1 
for the basic concentric configuration passing only 
22% of the total mass flow through the center nozzle. 

In Fig. 17, the final concentric configuration is 
seen to exhibit better attenuation characteristics at 
the lower pressure ratios than the basic configura- 
tion. The bare final concentric nozzle achieved an 
overall attenuation of 8.5 db while the no flow 
ejector configuration indicated an 11.5 db reduction 
in OSPL at a pressure ratio of two (at 30 deg azi- 
muth). A summary of overall attenuation values 
attained by the final concentric configuration, with 
and without the ejector at its design position, is 
shown in Table 2 for the maximum azimuth plane 
of 30 deg. 

The excellent suppression characteristics of the 
two concentric configurations are again evidenced 
when comparisons are made on an average overall 
sound pressure level basis (average OSPL as used 
here is simply the arithmetic average of the azi- 
muth OSPL’S). Examination of Fig. 18 reveals that 
a maximum average overall attenuation of 8.8 db 
at a pressure ratio of 2 was exhibited by the no-flow 
ejector configuration, whereas at a pressure ratio 
of 3.00 the final concentric configuration with the 
ejector at the design position achieved a maximum 
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average overall reduction of 15 db. The best basic 
configuration is also presented on Fig. 18. It is 
readily seen that the final concentric configuration 
improved the average overall attenuation charac- 
teristics in the lower pressure ratio range while 
maintaining relatively high attenuation values at 
the higher pressure ratios. The average overall 
sound pressure level reductions for some of the con- 
centric configurations are shown in Table 3. 

The directional effects of model jets are approxi- 
mately the same as their full-scale equivalents. In- 
tensities are about the same at scaled down nozzle 
diameter distances and the sound power developed 
closely approximates that predicted by Lighthill’s 
theory. Spectral distribution of model noise is quite 
different from the full scale, however, with peak 
model sound levels occurring at much higher fre- 
quencies than actual turbojet noise. Small scale 
noise spectra can be converted to some degree to 
full scale noise spectral distribution by utilizing 
“characteristic dimensions” (diameter and frequen- 
cy wave length) of the model and full scale nozzle. 
If it is assumed that the suppressed to unsuppressed 
model noise spectra do not converge at frequencies 
higher than those measured, full scale estimates 
can be made directly from the model data. 

Thus, in the pressure ratio range of two, where a 
convergent nozzle has direct application to present 
day commercial by-pass engines, the concentric 
nozzle can achieve maximum overall reductions in 
the order of 9.0 db with no more of a thrust loss 
than conventional multilobe suppresscrs. ... While 
in the pressure ratio range of 2.6 where some of 
the large 2-spool commercial turbojets, such as the 
JT-3 and JT-4, operate with convergent nozzles, 
maximum overall reductions of 14 db can be ex- 
pected from a concentric configuration. 

To Order Paper No. 162A... 
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Table 1 — Overall SPL Noise Reductions for 
Basic Configuration Passing 22% Total 
Mass Flow Through Center Nozzle 


Pressure 42 deg 78 deg 
Ratio Plane Plane 
2.0 3.5 db 2.0 db 
2.5 11.0 9.0 
3.1 20.0 18.5 


Table 2 — Overall Attenuation Values Attained 
by Final Concentric Configuration for 
Maximum Azimuth Plane of 30 Deg 


Pressure No With 
Ratio Ejector Ejector 
2.0 8.5 db 9.0 db 
- 12.5 14.0 
3.0 14.5 16.0 


Table 3 — Average overall sound pressure level 
reductions for concentric configurations 


Pressure Ratio 


Configuration 2.0 2.5 3.0 


Final Concentric 

No Ejector 

(A, = 0.40, A. = 0.70, 
A; = 0.90 in.*) 


Basic Concentric 

No Ejector 

(A, = 0.44, A, = 0.60, 

As = 0.96 in.”) 3.7 8.4 14.5 
Final Concentric 

With Ejector at 

Design Position 6.6 11.0 15.0 


6.8 db 10.3 db 13.1 db 





—— FINAL CONCENTRIC CONVERGENT NOZZLE 
WITH NO FLOW EJECTOR 

--- FINAL CONCENTRIC CONVERGENT NOZZLE — 
NO EJECTOR (A,=.9, A,*.7,A, =.4) 

-—. FINAL CONCENTRIC CONVERGENT NOZZLE 
WITH EJECTOR AT DESIGN POSITION 

—-- BASIC CONCENTRIC CONVERGENT NOZZLE 

20 ) (Ay.96,A,*.60, A, =.44) 
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Fig. 18 — Average attenuation comparison of various final concentric 
convergent configurations and a basic concentric configuration, OSPL 
values. 
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designing 


with 


plastics 


J. H. Versteeg 


THIS 1S THE THIRD of a series of six articles, 
written exclusively for SAE Journal, on “Design- 
ing with Plastics for Automotive Applications.” 


STILL TO COME in the series are articles by: 


@ A. J. CARTER of Chrysler on Strength 
and Stiffness Properties of Plastics. 


@ J. R. FORRESTER of Ford on Plastics Ap- 
plications Involving Color and Texture. 


‘e P. WEISS of General Motors on Foamed 
Plastics and Flexible Materials. 


PREVIOUS ARTICLES were by J. H. Crate and 
J. D. Young of du Pont (August), and R. C. 
Oglesby of Rohm and Haas (September). 


ALL SIX ARTICLES will be available early in 
1961 as SP-184 at $1.50 to SAE members; at 
$3.00 to nonmembers. To place your order now, 
see p. 6. 


Blow-molding 
and 


thermoforming 
plastic shapes 


HE usual fabricating techniques for plastics are 

injection molding, blow molding, and thermo- 
forming. 

Blow molding and thermoforming are both low 
pressure processes, that is less than 100 psi. Conse- 
quently molds can be made from cast aluminum, 
Kirksite, or thermosetting plastics, such as cast 
epoxies. Molds cost from 1/5 to 1/10 as much as 
comparable ones for injection molding. 

Blow molding is generally used to form hollow 
parts (Figs. 1, 2,and 3). However, it is not uncom- 
mon for injection-molded and thermoformed shapes 
to be heat-sealed or cemented ‘together to form 
hollow parts. Conversely, blow molding can be used 
in cases which might normally be considered the 
natural province of injection molding or thermo- 
forming. In this technique, a single shape is blow 
molded and then cut apart to make two open-faced 
components. For example, two glove compartments 
could be blow molded as a single hollow shape, and 
then cut apart. The availability of large blow mold- 
ing machines will lead to their predominant use for 
hollow shapes in the future. 

Blow molding had its beginnings in the container 
field, and is widely used for the production of such 
items as low density polyethylene squeéze bottles 
and high density polyethylene detergent bottles. 
Although the production of containers is still the 
major use of blow molding, it has found increasing 
application in other areas, including the production 
of automotive components. 

In this process, a tube of molten plastic is ex- 
truded into the space between two separated mold 
halves. The mold halves then close on the extruded 
tube, called the parison, so that the top and bottom 
of the parison are pinched off, except for the hole 
through which air is injected. This hole is usually 
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Fig. 1 — BASIC BLOW MOLDING PROC- 
ESS. Tube of heated, air-formable ma- 
terial is extruded from cross-head die as 
indicated. 
COOLED 
MOLD CLOSED 
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PARISON TUBE Bi) 
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tioned before parison is ex- a 7 
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RL 
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Fig. 3— CONTINUOUS EXTRU- 
SION BLOW MOLDING. Ma- 
terial is extruded without inter- 
ruption by action of rotating screw 
Valving arrangement allows ma- 
terial to emerge from any of sev- 
eral extrusion dies. 
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Blow-molding and 
thermoforming plastic shapes 


. continued 


in the die pin or in the mandrel over which the ex- 
truded tube is positioned. The pressure of the air, 
normally under 80 psi, forces the plastic against the 
walls of the closed mold, where it cools to the solid 
state. 

The major use of hollow plastics in cars today is 
for air ducts. 


Author J. H. Versteeg is associated with the de- 
velopment laboratories of the Union Carbide 
Plastics Co. at Bound Brook, N. J. There he is 
group leader in work having to do with high- 
density plastics applications 


The production techniques described in this 
article, he points out, are of special current in- 
terest because they are being used increasingly 
for making automobile interior parts 


He says: 

“The rapid increase in use of plastics results 
directly from introduction of new thermoplastic 
materials. Until recently, the low and medium 
cost thermoplastics were restricted in their ap- 
plication because of high temperature limitations. 


“Development of high density polyethylene, 


and later of polypropylene, provided economi- 
cally attractive materials—with an improve- 
ment in heat resistance great enough to make 


them acceptable for a number of interior ap- 
plications, including some under the hood. 


“Plastics with still better heat resistance, such 
as polyacetals and polycarbonates, are now be- 
coming available, and their prices are expected 
to be reduced to the medium price range in the 
near future. It is worth noting that the prices 
of plastics continue their downward trend. 


“‘New plastics, which will provide further op- 
portunities for design and engineering improve- 
ments, are expected in the future. As a result, 
use of plastics in automotive applications may 
well double in the next six to eight years. About 
20 lb are used in present cars; 60 lb might easily 
be used in the foreseeable future.” 
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A General Motors high-heat, high-impact-resist- 
ant polystyrene ventilator shroud for example, is 
made by cementing two injection molded parts to- 
gether. However, the majority of ducts are now 
made from high density polyethylene either by heat 
sealing thermoformed sections, or by blow molding. 

An American Motors duct was produced originally 
in five sections: the body, an inlet, and three outlet 
sections. It is more than 3 ft long. The sections 
had to be separately formed, and then joined to- 
gether with staples or rivets. The five units for- 
merly required have now been replaced by a single 
unit blow-molded of high density polyethylene. 

Pinching-off has been mentioned already in con- 
nection with blow molding. When the two mold 
halves are closed, the plastic within the mold halves 
is pinched off at each end of the mold by closing 
action. With a properly designed mold the plastic 
can also be pinched together at various points within 
the mold halves to form strengthening columns or 
ribs which greatly increase the rigidity of the part. 
There are many applications of this pinching tech- 
nique — sun visors, arm rests, and door panels can 
all be given added strength if pinched areas are 
embodied in the design. If the pinched area is 
made large, its center can be stamped out to allow 
shafts to pass through the molding, or other parts 
to project into the opening. Pinching-off can also 
be used to produce handles, or to split the flow of 
air or liquids, or to provide an air vent the design 
possibilities are almost limitless. 

Other techniques are used to form brackets, such 
as those to support windshield washer bottles, or 
snap-in fittings. Windshield washer bottles them- 
selves are now being produced from high density 
polyethylene. Other uses for hollow plastic parts 
could include gasoline tanks, designed to fit into 
the backs of rear seats or even in the roof, bellows 
for pumping or pedal seals, air cleaner housings, 
carburetor and gasoline tank floats, horn bells, and 
glove compartments. 

In thermoforming, extruded sheet stock is heated 
above its softening point, and formed against a mold 
surface by means of a vacuum or slight positive 
pressure (Figs. 4,5,and 6). From this formed sheet 
can be produced a single large component or a 
number of smaller components, webbed together. 
When these parts are separated, the trim is not 
wasted, but can be reused in the extruder. 

The refrigeration industry has converted most of 
its high impact strength polystyrene door-liner pro- 
duction from injection molding to thermoforming. 
When injection molding was used, the industry was 
faced with high mold cost and long delivery times 
for molds. This was not a favorable economic situa- 
tion, in view of the industry’s annual design changes 
and multiplicity of models. This industry’s con- 
version to thermoforming produced major savings 
and reduced the lead time formerly required in 
tooling-up for new models. A similar situation in 
the automotive industry suggests that it, too, could 
adopt this process more fully, and enjoy similar 
benefits. 

A high density polyethylene spare wheel cover 
for the Ford Falcon station wagon, is a representa- 
tive open faced application. The requirements of 
light weight, integral color, embossed surface, and 
dimensional stability were satisfied by this thermo- 
formed item. The wheel cover by no means repre- 
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SOMETIMES USED HERE 


Fig. 4— CONTINUOUS 
IN-LINE THERMOFORM- 
ING. Material is extruded 
in sheet form, passes under 
{ radiant pre-heater immedi- 
ately before forming. 





HEATER 
SHEET 
Fig. 5S—VACUUM FORM 
ING PROCESS. Heated 
sheet is vacuum-drawn to 
configuration of female 
ies die CLAMP \LcLame 
MOLD 
y HEATER 
SHEET 
f Fig. 6 — DRAPE FORMING 
‘ —A variation of vacuum 
\ forming, in which material 
s } is drawn down upon male 
CLAMP “CLAMP forming die. 
7 MOLO 


sents the limits of thermoforming techniques. This 
process allows much deeper draws and larger objects 
to be formed. 

Through the use of pressure forming techniques, 
low cost, plastic impregnated paper or fiber ma- 
terials can be used for shallow draws. Further pos- 
sible thermoforming applications include hoods, 
trunk doors, headliners, door panels, wheel disks, 


OCTOBER, 1960 


headlight and lamp housings, package shelves, in- 
strument panels, and seat assemblies. 

These techniques — blow-molding and thermo- 
forming — are not suggested as panaceas to every 
design problem. Intelligently and imaginatively 
used, however, they provide economy, broaden the 
scope of design possibilities, and yield products that 
serve the user well. 


9} 
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Merlin Hansen 


OHN DEERE’S NEW line of tractors comprises 

four model series and marks discontinuance of 
three features which had been characteristic of 
Deere models since the early ’20s. Discontinued are: 
the 2-cyl engine; the Otto-cycle distillate-burning 
engine; and the practice of mounting the engine 
horizontally with the crankshaft parallel to the 
rear-axle. 


Horsepower sizes 

In the new line, the number of horsepower sizes 
has been reduced by one. The new line includes 
FOUR sizes. Table 1 shows the new agricultural and 
industrial tractor sizes and the chassis options that 
are available. (The data represent design objec- 
tives, since official Nebraska Tractor Test Data are 
not yet available.) 

These new tractors weigh an average of about 
25% less per horsepower than did the models they 
replace. 

In these new tractors, the increases in power are 
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Styling for Deere’s 


Styling for American models 


John Deere Tractors 


expected to be used most effectively in: 


@ Operating at moderate increases in travel 
speeds. 

@ Securing greater usage of hitch-mounted im- 
plements. 

@ Providing increased power for proper operation 
of larger-capacity PTO implements. 

@ Making it possible for the operator to maintain 
his desired travel speed under load (by having 


more reserve power available). 


Styling 

Styling of the new agricultural vehicles is illus- 
trated by Figs. 1 and 2. 

Special attention was given to the hood, radiator 
grilles, cowl, instrument panel, seat, fenders, control 
levers, wheels, and cast-iron balance weights. 

Styling on the industrial models follows the same 
basic concepts as introduced in the Deere industrial 
line in 1958. 


Arrangement of tractor components 


On the Model 3010 and 4010 series, the fuel tank 
is placed at the forward end of the tractor ahead of 
the radiator, as shown in Fig. 3. 

On Models 1010 and 2010, the conventional ar- 
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New Agricultural Tractors 


Styling for European models 


Table | — Agricultural and Industrial Tractor Power 
Sizes and Chassis Options 


Horsepowe! 


At 1000 At Maximum 


rpm of Recommended Chassis Options Available 
PTO Engine Rpm 


Model 
Series 


Single row crop tractor 
Low-center gravity utility tractor 
1010 : 35 Wheel-type industrial tractor 
Agricultural crawler tractor 
Industrial crawler tractor 


Row crop utility tractor 
Row crop tricycle tractor with option of double knuckle, 
single front wheel, front wheel load equalizer, or ad- 
2010 : f justable tread front axle 
Hi-crop tractor 
Wheel-type industrial tractor 
Industrial crawler tractor 


PN 


Row crop utility tractor 

Row crop tricycle tractor with option of double kunckle, 
single front wheel, front wheel load equalizer, or ad- 
justable tread front axle 

Standard treat (wheatland) tractor 

Wheel-type industrial tractor 


Row crop tricycle tractor with option of double kunckle, 
single front wheeel, front wheel load equalizer, or ad- 
4010 " justable tread front axle 
Standard tread (wheatland) tractor 
Hi-crop tractor 
Wheel type industrial tractor 


TUE 


TE 


The horsepower values shown are secured at the PTO drive. All engines may be operated at 
full load over speed ranges substantially above and below the standard PTO speed. 
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rangement of the powerplant, transmission, 
tank, and other components is used. 


1 
1 ma \\ Powerplant options 
NEN Deere Tractors : 


. continued 


for the two engine lines available. 


Transmissions 


fuel 


Tables 2, 3, and 4 show the major specifications 


The 1010 series of wheel tractors has a conven- 


mn Powerplant Options 


Table 2 — 4-Cyl Powerplants Manufactured at 
Dubuque, lowa 


Teaco > er ‘ . 
No. of Usage for Powerplants 


Cylinders Fuel Used 


Bore and Stroke a - 
Tractor Models 


UT 


Other 


312 x3 4 Gasoline 1010 Series Implements 
35% xX 315 4 Diesel 1010 Series 
and Lanz 
354 X 3h + Gasoline 2010 Series Implements 
354 X 314 4 LPG 2010 Series Implements 
3% X 345 4 Diesel 2010 Series Implements 
= Note: All engines operate at crankshaft speeds from 1500 to 2500 rpm under full 


load conditions. 


Table 3 — 6-Cyl Powerplants Manufactured at 
Dubuque, lowa 


Usage for Powerplants 


Other 


Implements 
Implements 
Implements 
Implements 
Implements 
Implements 


No. of 
Bore and Stroke Poo Fuel Used 

; — Tractor Models 

354 X 315 6 Gasoline 

35g X 312 6 LPG 

35% X 314 6 Diesel 

3% X 3% 6 Diesel 

37% X 342 6 LPG 

3% x 3% 6 Gasoline 

All engines operate at crankshaft speeds from 1500 to 2500 rpm under full 


= Note: 
: load conditions. 


Li 


me 


Table 4 — Powerplants Manufactured at 
Waterloo, lowa 


Usage for Powerplants 


No. of 
3ore and Stroke s Fuel Used - 
” ; o Cylinders Tractor Models Other 
4x4 + Gasoline 3010 Series 
4x4 4 LPG 3010 Series 
41, x 4% 4 Diesel 3010 Series 
4x4 6 Gasoline 4010 Series 
4x4 6 LPG 4010 Series 
41, x 4% 6 Diesel 4010 Series 


Note: All engines operate at crankshaft speeds from 1500 to 2200 rpm under 


full load conditions. 


HOTDONENNAUIONEDAAAAAT " nm ' sonenent bie tt HE 
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tional 5-speed selective gear transmission. The 1010 
crawler series has a 4-speed selective gear trans- 
mission. 

The 2010, 3010, and 4010 series have transmissions 
that provide 8 forward and 3 reverse speeds. This 
is achieved with a high; low, and reverse range 
gearset ahead of a 4-speed gearset. All speeds are 
secured with constant-mesh helical gears. 

The agricultural tractors have plate-type syn- 
chronizers on the high, low, and reverse ranges; 


Table 5 — Hydraulic System Characteristics 


while industrial tractors have collar shifts for these 
ranges. 


Hydraulic system and hydraulic options 


Two basic types of hydraulic systems prevail in 
these new models, because the two larger sizes need 
greater hydraulic capacity and more hydraulic 
functions than are necessary on the smaller sizes. 
Table 5 outlines the important specifications of each. 


TL 


Ta 


wi 


Remote Cylinder 


— Basic Type Rated Capacity? Rockshaft 
Model Type of Working ‘Gal. per Lift — Size Force in Lb. 3 
Series of Pump Prearans, min “aa” en. seeebioeantes — : 
Circuit Psi 7 Ib. Stroke in. Extending Retracting 2 
1010 Open Conven- 800 8 1800 3% x8 6,900 6,200 = 
center tional : 
Gear = 
2010 Open Conven- 1150 11 2600 3x8 7,300 6,300 
center tional 
Gear = 
3010 Closed 8 piston 2000 18 3600 3x8 12,700 10,900 z 
center variable = 
displace- e 
ment = 
4010 Closed 8 piston 2000 18 4500 3x8 12,700 10,900 : 
center variable 
displace- 
ment 


Based on the engine operating at standard PTO speed, and the pump working against “rated” pressure 


using oil at 90 SUS. 


2 This lifting capacity refers to vertical lifting force available at the draft link hitch points at the center of 


the lifting stroke and 90% efficiency. 


TOU 


The values shown are based on rated pressure and 90% efficiency. 
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3 — Arrangement of 
components Model 301( 


*f new Deere 
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On the two smaller tractors, the hydraulic pump 
provides oil for: 


a. Power steering (optional). 

b. A single rockshaft (optional). 

c. A split rockshaft (optional). 

d. Either one or two double-acting remote cyl- 
inders (optional). 


On the two larger tractors, the hydraulic pump 
furnishes oil for: 


a. Power brakes (standard). 

b. Power steering (standard). 

c. Single rockshaft (optional). 

d. Either one or two double-acting remote cylin- 

ders (optional). 

The rockshaft system on all series of tractors is 
primarily used to control the three-point, free link 
hitch. The valving for the rockshaft system is such 
that it provides for: 


a. Position responsive control. (The position of 
the rockshaft is a function of the position at 
which the control lever is placed.) 

b. Draft responsive control. (The position of the 
rockshaft is a function of the position of the 
rockshaft control lever plus the draft load im- 
posed on the three-point hitch.) This feature 
,is not incorporated in the 1010 series. 

c. “Load and Depth Control.” (A modification of 
the draft responsive system except that the 
position of the rockshaft responds only par- 
tially to changes in the magnitude of draft 
imposed by the hitch.) 


The double acting remote cylinders are all “se- 
lective controlled” in that the cylinders continue to 
move as long as the control levers are held in either 
raising or lowering positions. All remote cylinders 
have adjustable stops on the piston rods for limit- 
ing the piston stroke as desired to control the work- 
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ing depth of the implement. All remote cylinder oil 
lines have breakaway couplers with check valves. 

The closed center circuits employed on the larger 
tractors have flow regulating valves in rockshaft 
and remote cylinder circuits for the purpose of 
limiting the rate of oil flow to these functions to 
satisfactory working levels. 


Steering and brakes 

Either manual steering or hydraulic-power steer- 
ing is available optionally on the Model 1010 and 
2010 series. On the larger Model 3010 and 4010 
series, only hydraulic-power steering is used. 

Dry-disc type manually-operated brakes are used 
on the two smaller sizes; wet-disc hydraulically- 
actuated power brakes, on the two larger sizes. 


Electrical system capacities 

Satisfactory starting at —20 F is the most severe 
requirement placed on the electrical system. Each 
system is matched to the starting requirements for 
each engine option. 

Table 6 details the electrical system capacities for 
each of the four tractor model series. 


Power takeoff options 


All tractors are offered without a PTO drive and 
with an “independent,” dual-speed 540-1000 rpm 
design. The dual-speed PTO drive conforms to SAE 
standards for each speed. 

Improved provisions are made in all of these new 
tractors for furnishing power to agricultural im- 
plements and industrial equipment. They will 
handle drawn or towed machines; hitch-mounted 
machines; and integral machines. 


To Order Paper No. 225B .. . 


from which material for this article was drawn, see p. 6 


Table 6 — Electrical System Capacity 


Batteries 


- ae Min. 
Tractor Engine System Operating 
1 Serie: To re ss A Hi 
Model Series Option Voltage Temp. F — —_ i 
apacity 
Gasoline 12 — 20 1 56 
1010 Diesel 12 - 20 1 85 
Gasoline 0 1 56 
and 
‘ _4 . 
2010 LPG 1s 20 i 5S 
1 85 
ce 9 
Diesel 12 _ 20 2 85 
Gasoline 0 1 70 
and 
9 re ) "7 
3010 LPG 12 * . e 
0 2 70 
iecse 9 
Diesel 24 _ 20 4 70 
Gasoline 0 1 70 
ane 12 - 20 2 
4010 LPG = 
‘ 2 70 
cea 9 
Diesel 24 _ 20 4 70 


Note: 
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All batteries are 12 v. 
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ETTERS 
AAA en0m READERS 


From: 

E. K. Dunnett (M ’58) 

Cincinnati, Ohio 
Dear Editor: 

Recently I had the opportunity to 
utilize the services of the SAE Place- 
ment Service. After furnishing SAE 
with the required information, offers 
of many types from many companies 
began coming in. I must confess that 
I had underestimated the far-reaching 
effects of the SAE 

The position I finally accepted 
through the SAE Placement Service 
Was exactly to my choosing and was 
also in the geographical location that I 
had desired. 

Needless to say, my sincerest thanks 
and appreciation are extended to the 
SAE Placement Service for a most ex- 
cellent and thorough job of “job hunt- 
ing” for its members. 


From: 

L. H. Nagler (M’44) 

American Motors Corp 

14250 Plymouth Road 

Detroit 32, Mich. 

Dear Editor: 

Some time ago I took on the job of 
collecting a file of SAE Transactions 
for engineering use at American Mo- 
tors. This collection was inspired 
largely by availability of a number of 
Transactions from the 1910’s, 20’s, and 
30’s, representing a private collection 
of SAE member Joe Sladkey, now de- 
ceased. 

We now have a complete file of 
Transactions back through 1944, and, 


with only three gaps, back through 
1933. 
I wonder if some of these missing 


available from some 
from some 


issues might be 
SAE member, or possibly 
other collector? 

The issues of Transactions which we 
need are as follows 


1943 1923 

1940 1922 

1939 1921 

1932 1920 (Part 2) 

1931 1919 (Part 2) 

1930 1917 (Part 1) 

1926 1916 

1925 1915 (Part 1) 

1924 and anything prior to 1915 
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YOULL... 


be interested to know 


NONMEMBER REGISTRANTS at SAE 
National Meetings may now deduct 
their entire registration cost from their 
initiation fee should they apply for 
membership within three months of 
the meeting. This information now 
appears on each red “Guest” pocket- 
name-tag. 

Here is a recently revised table of 
fees— based on daily and complete 


meeting registration, as approved by 
EAB: 
Length of re Full Meeting 
Meeting Daily Fee Fee 
5 Days $3.00 $12.50 
4 Days 3.00 10.00 
3 Days 3.00 7.50 
2 days 3.00 5.00 


WALTER E. THILL’s Engineering Ac- 
tivity Membership Program Subcom- 
mittee has come up with the names of 
327 membership prospects. 

These are early returns . 
the beginning, says Thill 

. .. 207 of the names were sent in 
by C. E. Mines of EAB’s Aerospace 
Powerplant Activity Committee 


. and only 


ICEAE Cobo Hall Displays Dwarf Previous SAE Shows 


OUR-AND-A-HALF ACRES will be 

covered by displays at the SAE In- 
ternational Exposition at Cobo Hall in 
Detroit next January 9-13 


Accompanying pictures emphasize 
the vast scope of these 1961 SAE exhib- 
its, and dramatize the 10-times-larger- 
than-ever-before display potentials. 
The great open spaces shown are only 
part of the some 200,000 sq ft which 
will be utilized 


With 90 days before the Exposition 
opens, only 25% of the display space 
remains available 


Tied closely to engineering trends to 
be revealed in 200 technical papers at 
the SAE International Congress and 
Exposition of Automotive Engineering, 
the Exposition displays will feature 
new and unusual products, materials, 
and equipment applications. “The 
products already known to be scheduled 
for exhibit,” according to Display Com- 
mittee Chairman Ralph H. Isbrandt, 
“insure great information values for 
the engineers from all over the world 
who will be filling the Exposition aisles 
throughout the Congress.” 
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Delegates to SAE’s ICEAE Already Named from 7 Nations 


EVEN FOREIGN TECHNICAL SO- SAE President Harry E. Chesebrough’s From JAPAN 
CIETIES have already named of- invitation was the Canadian Aeronau- 
ficial representatives to SAE’s Inter- tical Institute. The first of the over- 
national Congress and Exposition of seas group to act was Italy’s Asso- 
Automotive Engineering in Detroit next ciazione Tecnica Automobile. Twelve 
January 9-13. Two aerospace societies official delegates from these seven 
and five automobile-oriented groups countries are scheduled to attend this 
comprise the seven which made these first SAE meeting to be held in De- 
early delegate designations. troit’s new Cobo Hall. 
The first society to name its repre- The seven societies have so far named 
sentatives to the ICEAE in response to as official delegates the following: 





Yoshiki 





Society of Automotive Engineers of 
From SPAIN From ITALY Japan — has named its president, 
E. Toyoda and its Vice-President 
and General Director, T. Yoshiki 


From FRANCE 
Société des Ingénieurs de l’Automo- 
bile —is in process of naming its 
official representatives. 





a a 
Ricart Capetti 

; . . sit ; : It is too early to estimate with any 
Sociedad de Tecnicos de Automocion Associazione Tecnica Automobile accuracy how many more of the 10 
—has named as its representative —has named its vice-president foreign societies who have not yet 
its Honorary President Wilfredo P Antonio Capetti given definite responses will finally de- 

Ricart cide to send official representatives. 
Among those from which responses 

have not yet been received are: 

From ENGLAND From BELGIUM Associazione Italiana di Aerotecnica 


(Italy); Engineering Institute of 
Canada (Canada); Japan Aeronautic 
Society (Japan); Association Fran- 
caise Ingénieurs et Techniciens de 
l’Aeronautique (France); Verein 
Deutscher Ingenieure (Automotive) 
(Germany); Wissenschaftliche Ge- 
sellschaft fur Luftfahrt (Aeronautic) 
(Germany); Schweizerische Verein- 
igung fur Flugwissenschaften (Switz- 





erland). 

Moult Ballantyne Dewandre Foreign Engineers Eager to Attend 
The Royal Aeronautical Society Société des Ingénieurs de l’Automo- It is too early, also, to guess with any 
—~has named its President, Dr. E. bile — has named its President, A. accuracy how many individual engi- 
S. Moult, and its Secretary, A. M Dewandre neers from overseas will be in attend- 
Ballantyne ance at this 1961 SAE Annual Meet- 
ing. . . . Evidence of interest among 
From CANADA engineers of South America as well 


as of overseas countries is coming regu- 
larly to SAE Headquarters in New 
York. 

Many technical publications abroad 
—especially those sponsored by the 
engineering societies — are giving 
prominent notice to the upcoming 
ICEAE. And letters from many over- 
seas engineers to their personal friends 
in SAE reveal eagerness to be able to 
attend. 





Heynes Main 
Institution of Mechanical Engineers Boyd Luttmen 
—has named W. M. Heynes, its Canadian Aeronautical Institute 
Automobile Division Chairman, —has named its President, David s 
and R. Main, Secretary of the Au- Boyd and its Secretary-Treasurer, 
tomobile Division H. C. Luttman 
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GROUP OF SAE ENROLLED STU- 


Northrop Students DENTS at Northrop Institute of 
Technology — where Morris Kramer is 
by ild M d | “SAE Ai Ca ” faculty advisor of the SAE Student 
u o e Ir r Branch —have designed, built, and 
test-flown a model ground-effects ve- 
hicle which they have dubbed the 

“SAE Air Car.” 

First flights took place in June, after 
which necessary adjustments were 
made to correct some faulty flight 
characteristics . and two flights were 
witnessed at NIT early in July 

Idea man and initiator was Sveinn 
Thordarson, who says his chief source 
of information and data was SAE tech- 
nical publications. Albert Takahashi 
was responsible for utilization of the 
data in calculating duct size to overall 
dimension relationship, as well as en- 
gine hp required. The control system 
was built by Walter Rugh. A Cub 0.09 
engine was supplied by Lamar Fran- 
sen. Carmen Pilichi fashioned the 
main venturi and engine mount. 

Plans for the project, the students 
say, call for a full-size, one-man ve- 
hicle 


SAE Student Branchers at NIT (starting left) Albert 

Takahashi, Ned Engeman, Lamar Fransen, Walter 

Rugh, and Carmen Pilichi, display their model ground- 

effects vehicle called by the students the “SAE Air 

Car.” Morris Kramer, faculty 
advisor of the SAE Stu- 
dent Branch at Northrop 
Institute of Technology 


paper appears in 1960 SAE Transac- 
tions, pp. 396-407. 
Presentation ceremonies are sched- 
’ ° uled at the Luncheon on Wednesday, 
59 Wright Medal October 12, during SAE’s current Na- 
tional Aeronautic Meeting in Los An- 
geles at the Ambassador Hotel. 
Goes to As Staff Assistant to the Structures 
Division Manager at Lockheed, Chil- 
. ders is presently engaged in research 
M. G. Childers and development of new structural 
concepts. During his 23 years in Lock- 
heed’s Structures Division, he has been 
responsible for the siructure on the 
M G. CHILDERS has been named _ Constellation series and the C-130 pro- 
* 1959 Wright Brothers Medalist totype ... and for a period of years 
for his paper “Preliminary Design Con- was manager of the Basic Loads and 
siderations for the Structure of a Tri- Structural Methods Department within 
sonic Transport,’ presented just one the Division. 
year ago at the Los Angeles Aeronau- The 1959 Wright Brothers Medal 
tic Meeting Board of Award which selected Chil- 
An article based on the paper was. ders as medalist was: A. Lombard, Jr., 
published in the December 1959 SAE Chairman, E. H. Heinemann, and D. R. M. G. Childers 
Journal (pp. 66-68) . . and the full Berlin. 
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ICEAE Science 


Pavilion Plans 


Nearing Completion 


LANS for the Science Pavilion at 

SAE’s International Congress and 
Exposition of Automotive Engineering 
in Detroit’s Cobo Hall next January are 
nearing completion, according to 
Chairman A. L. 
Haynes of the 
Science Pavilion 
Committee 

The exhibits in 
the Science Pa- 
vilion, the four- 
man Committee 
decided at its 
first meeting last 
summer, will il- 
lustrate “the de- 
velopment of au- 
tomotive transportation through 
plied science and engineering.” 

This broad concept is being imple- 
mented by exhibits which will illus- 
trate human factors, energy conversion, 
transportation mobility, materials de- 
velopment, and human resources and 
education. In each case, the exhibits 
will be designed to show applications of 
science to design and manufacturing 
Component hardware, materials, in- 
struments and other similar items will 
also be displayed. 

Centerpiece of the Committee-de- 
veloped Science Pavilion may consist of 
large illustrations or models of ad- 
vanced cars, trucks, aircraft, missiles 
and satellites . .. mounted, perhaps, on 
a rotating ring with the names of the 
five display areas of the Pavilion on its 
periphery. 

“The Science Pavilion,”’ Haynes em- 
phasizes, “is definitely not just another 
trade show. It will concentrate en- 
tirely on depicting the application of 
science and engineering to transporta- 
tion.” 

Serving with Haynes on the Pavilion 
Committee are P. R. Kyropoulos, Dr 
J. E. Goldman, and A. C. Bodeau 


A. L. Haynes 


ap- 


Applications Up Sharply 
For 59-60 Section Year 


ITH 2288 applications for SAE 
membership during the Section 
year ended last May 31, the number 
seeking to affiliate with SAE turned up 
sharply following a continuous decline 
in three preceding years. This latest 
total equals the 1957-58 showing, 
though some 400 shy of the 1955-56 top 
of 2678. 
Increases by 20 of the Society’s 46 
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Sections and groups — and addition of 
a new Section and a new Group— 
were responsible for this year’s healthy 
upward turn. The gains in these Sec- 
tions offset by more than 280 the de- 
creases recorded in 18 of the remaining 
Sections and Groups. (Three Sections 
and one Group were even with last 
year.) 

In this 1959-60 year, three Sections 
and one group recorded new highs for 
the five year period which began with 
1955-56. They were: Chicago, Wichita, 
Ontario, and Salt Lake. Five other 
Sections equalled their highs for the 
period: Northwest; Syracuse, Twin 
City, Virginia, and Washington. Ap- 
plications outside Section territory this 
year held exactly to last year’s level of 
84. But foreign applications hit an 
all-time high of 105, topping last year’s 
97. Foreign applications, incidentally, 
have been steadily upward (in small 
increments) during the entire period 
of domestic decline. 

Four Sections turned up more than 
100 applications in the Section year 
which closed on May 31, 1960. They 
were Detroit (474); Chicago (171); 
Metropolitan (166); and So. California 
(152). Next highest in this year 
was Ontario, with 86. The 963 rolled 
up by this more-than-100 club, repre- 
sents about 42% of the 1959-60 total. 


F&L Seeks Papers 
From College Sources 


IMING to bring into SAE channels 
an increasing volume of the im- 
portant technical information, particu- 
larly new research of interest to the 
automotive industry, developed at col- 
leges and universities, the SAE Fuels 
& Lubricants Ac- 
tivity Committee 
has named a 
special group to 
explore new pos- 
sibilities. 
Heading this 
new F&L_sub- 
committee of dis- 
tinguished  pro- 
fessors, is J. A. 
Bolt, professor of 
mechanical engi- 
neering, University of Michigan. 
Serving with Bolt are: E. S. Stark- 
man, professor of mechanical engineer- 
ing, University of California: M. R. 
Fenske, director of the petroleum re- 
fining laboratory at Pennsylvania State 
University; A. R. Rogowski, associate 
professor of mechanical engineering, 
Massachusetts Institute of Technology: 
and W. H. Paul, professor of mechani- 
cal engineering, Oregon State College. 


J. A. Bolt 


GM President 


To Be January 
Dinner Speaker 


OHN F. GORDON, president of Gen- 

eral Motors, has accepted SAE’s in- 
vitation to be the principal speaker at 
the 1961 Annual Meeting Dinner, which 
will be a high spot of SAE Interna- 
tional Congress 
and Exposition of 
Automotive Engi- 
neering in De- 
troit’s new Cobo 
Hall next Janu- 
ary. The dinner 
will be held on 
Wednesday, Jan. 
11, 1961. 

The main ban- 
quet room in Cobo 
Hall, where Gor- 
don will talk, will seat 2800 diners, the 
largest group ever to attend an SAE 
banquet. 

Announcing Gordon’s acceptance, 
SAE Dinner Committee Chairman C. C. 
Dybvig pointed out that the General 
Motors’ president has been an SAE 
member since 1943, having joined 
shortly after he had become chief engi- 
neer of Cadillac. 

1960 SAE President Harry E. Chese- 
brough, general manager of Chrysler's 
Plymouth-DeSoto-Valiant Division, 
and 1961 SAE President-elect A. A. 
Kucher, Ford's. vice-president-Engi- 
neering, will also speak at the dinner, 
Dybvig said. 


John F. Gordon 


Facts... 


from SAE literature 


SIXTEEN NEW AERO- 
SPACE DOCUMENTS and 39 
aeronautical material speci- 
fications are described in the 
new booklet titled “SAE 
Journal in the Aerospace- 
craft Industries.” Included 
also is an organization chart 
of SAE Technical Board’s 
Aerospace Council, an outline 
of what the Council is doing, 
and a list of its personnel. 


SAE Journal will be glad to 
supply on copy of 
this piece of SAE literature. Ad- 
dress “Literature,” SAE Journal. 
185 Lexington Ave.. New Yorl 


My Mid 


request one 
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1960 


@ October 10—14 
National Aeronautic Meeting including Third AFORS Astronautic 
Symposium and Aerospace Manufacturing Forum and Engineering 
Display, The Ambassador, Los Angeles, Calif. 


@ October 25-27 


National Transportation Meeting, Hotel Leamington, 
Minneapolis, Minn. 


@ October 31—November 2 
— Powerplant Meeting, Sheraton-Cleveland, Cleveland, 
io. 


@ November 2-4 
National Fuels and Lubricants Meeting, The Mayo, Tulsa, Okla. 


1961 


@ January 9-13 


SAE International Congress and Exposition of Automotive Engi- 
neering ‘Annual Meeting) , Cobo Hall, Detroit, Mich. 


@ March 13-17 


National Automobile Week (National Automobile and Production 
Meetings). The Sheraton-Cadillac, Detroit, Mich. 


@ April 4-7 


National Aeronautic Meeting (including production forum and 
engineering display) , Hotel Commodore, New York, N. Y. 


@ June 4-9 
Summer Meeting, Chase-Park Plaza, St. Louis, Mo. 


ATIONAL MEETINGS 


Manly Award 
Rules Broadened 


ULES of the Manly Memorial Medal 

Award have been changed to pro- 
vide for the broadening of the Award’s 
scope. The Board of Directors ap- 
proved the amendments to the rules at 
its September 20 meeting 

The Manly Memorial Medal Board of 
Award, upon whose recommendation 
the rules were amended, felt that the 
rapidly accelerated progress of aero- 
space technology required broadening 
of the Award’s scope in order to make 
more papers eligible The rules as 
originally written limited the Award to 
the aviation powerplants of the pre- 
space era. The first award under the 
revised rules will be made for the 1961 
calendar year. 

The following paragraphs detail the 
changes which were made. The words 
crossed out were deleted ... and the 
words underscored were inserted: 


The Manly Memorial Medal shall 
be awarded annually to the author of 
the best paper relating to theory or 
practice in the design or construction 
of, or research on, aeronautic power- 
plants aerospace engines, their parts, 
components, or accessories which 
shall have been presented at a meet- 
ing of the Society or any of its Sec- 
tions during the calendar yea 


Papers presented at the Society 
and Section meetings shall be judged 
primarily for their value as Rew eon 
tributions a contribution to existing 
the knowledge of the aeronautic 
aerospace art. Judgment shall be 
based upon the value of the paper 
itself as such an original contribu- 
tion, not upon the value of some 
mechanical development or inven- 
tion already known which the paper 
may describe 


Student Enrollment 
Has Built-In Potentials 


ACK in the 40’s, three “future en- 
gineers” applied for Student En- 
rollment in the Society. 

Russell R. Noble was with Lawrence 
Institute of Technology when he ap- 
plied for enrollment; Lewis C. Kibbee, 
with Haverford College; and Gregory 
Flynn, Jr., with General Motors In- 
stitute. 

Today, all three are members of 
SAE’s Board of Directors 

Student Enrollment has provided the 
young engineer with the “launching” 
medium into industry envisioned by 
the Society when the Student Enroll- 
ment classification was established .. . 
and the percentage of full-member- 
ship follow-through is gratifying. 
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SAE 


Engineering 


Students _. , seeking summer 
employment in 1961 


For complete address, write: SAE Placement Service 


485 Lexington Avenue 
New York 17, N. Y. 





Telephone: 
OXford 7-3340 





Nal 
; School a l’referred Deere and School and 
i a Field of Inter Location Date Available Field of Interest 
BRADLEY UNIVERSITY CASE INSTITUTE OF TECHNOLOGY 
W. W. Claypoo Desire summer position in some phase Europe or B. T. Ketcham Desire summer job where I can ob 
BSME ‘63 f M. I to provide pr tical experi Cleveland BSME ‘62 tain experience in res. & dev. of i 
June ner r s r xperi Ohio June ternal combustion engines or auto 
erg. off suspension systems Have practical 
experience 
John Sul ~e r witl au mfg 
LS-A I tirr ! wil 4q W with res ‘ veland Raymond Knaus Desire work in maintenance, produc 
f J ha ». field Prey BSME ‘62 tion or design 2 summers’ experi 
i ld June ence in assembly & machine tool work 
UNIVERSITY OF BRITISH Day I. S. Noss Desire summer job with company 
COLUMBIA irea BSME °63 mfg. automobile components See} 
June ing practical M. E. experience along 
W. D. Worobec Prefer portunity with M. E. ex automotive lines 4 yrs. amateur 
BASe (ME 6 perience along auto. or aere line 2 experience, 
May mmers’ experience in Caterpillar 
7 Cleveland I. D. Berkopec Desire summer work providing ex 
. BSME ‘62 perience along automotive lines: no 
CALIFORNIA INSTITUTE OF June previous experience along these lines 
in industry to date 
TECHNOLOGY tt 
2 P.M. Morett Working towards PhD t Stanford Cleveland eae ae Prefer work with design engineers 
PhD—J for ein ’61. 1 summ e eee 
Vibration il 
—— CITY COLLEGE OF NEW YORK 
English & (ie New York William Wu Seek position which might be first 
ty BSME ‘62 step in equipping me for responsible 
CALIFORNIA STATE POLYTECHNIC June work as design engr 
COLLEGE 
. C Kod : DETROIT INSTITUTE OF 
e Aodah resire wor In some Pp ise of ma 
BSME ‘62 hine or tool design. 1 summer's ex TECHNOLOGY 
June perience in drafting Anywhere B. G. Bodiya Would like a drafting job or any 
BSME ’'62 other job connected with engrg 
CARNEGIE INSTITUTE OF June 
TECHNOLOGY 
pen R. L. Baker Desire summer job which might be Continued on next page 
BS-Met. 63 first step in equipping me for respon 
June sible work as mfg. supv., sales, or 


any type managerial work in metal 


lurgical engrg 


Free service to employers and members 
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SAE 


Engineering Students . . . 


.. . seeking summer employment 


i \ l 
J Mi 1 
SME ‘61 
Rg. V.S 
BSME es 
Jur 
RK. P. S k 
BSEE 't 
Jur 
( ide Cel 
MBA ‘62 J 
V.M 
Engr. ‘¢ J 
M. M I 
Engr. ‘64 M 
1. G. Lorr 
BScAi MI 62 
M 
Steve S 
BS Cher 64 
Ju 
G. DK i 
BSME '¢ 
Jur 
( I 


Jon Barr 
BSEE '¢ 
Jur 
7 
BSME '¢ 
T r 


Free service to 
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s« ol 1 
I 1 I 
Ly my me 
i g co iy 
Ir sted r 
i to Process I 
s along w f 
I I l€ x 
se \ | 
I) mer rs leal 
‘ n Se I ition wl 
q I vith res nsib 
I ov eq 


UNIVERSITY OF DETROIT 


ECOLE POLYTECHNIQUE 


FENN COLLEGE 


Desir 


UNIVERSITY OF ILLINOIS 


lesire summer ob wit! 


LAWRENCE INSTITUTE OF 
TECHNOLOGY 


Desire summer empl 


rther 


MICHIGAN COLLEGE OF MINING 
& TECHNOLOGY 


Lh re immer b n it or ! 


MISSOURI SCHOOL OF MINES & 
METALLURGY 


I ! ed in tf «& 


employers and members 


Degree, and 
Date Available 


BSMI AD 


BSME ‘62 M 


BSME ‘62 M 


in 1961. 


(continued) 


School and 


Field of Interest 


OKLAHOMA STATE UNIVERSITY 


Want nine expe 

field that could lead 

mployment, preferabl S. & 

I fer ‘ i as i} \ 

Engr ield of zg 1 
s. 2 experi ( I 

Mechatr Curre ll grad 
ntofs O05 based ¢ 4 


POLYTECHNIC INSTITUTE OF 
BROOKLYN 


se pe ll off 

eX rier Mect Ind 

Engrg \ ted 

PURDUE UNIVERSITY 

se ng summer employme 
‘auto, oF aero. fields 

QUEEN’S UNIVERSITY 

Desire experiet ong 

lines, preferabl des 

id 
SAN DIEGO STATE COLLEGE 


Prefer summer work d 


STEVENS INSTITUTE OF 


TECHNOLOGY 
l’ r me 
f ld 2 
Desir i I I 
1 gn «& 





L> r »b leading I¢ 
gin lesign 
in rr i 
Lh re lesa 
f d h use © l nics in 
r irc ‘sting 
rs rience mil s 1 
I ehi 
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THEODORE P. WRIGHT, who has 
retired as vice-president of Cornell 
University in charge of Sponsored Re- 
search, is retaining two other positions 
with the University. He will remain 
as chairman of the Board of the Cor- 
nell Aeronautical Laboratory in Buffalo 
and as chairman of the Executive Com- 
mittee of the Cornell-Guggenheim 
Aviation Center in New York City. 

A Past SAE Director, Wright served 
in important government positions dur- 
ing World War II, after an outstand- 
ing career in the aircraft industry as 
an engineering executive. He directed 
the development of the Curtiss Tanager 
in 1929, which won the $100,000 prize 
offered by the Daniel Guggenheim safe- 
aircraft competition. 


PYKE JOHNSON was honored re- 
cently by his alma mater, University of 
Denver, with a Doctor of Public Serv- 
ice Degree “in recognition of his civic 
achievements and contributions to pub- 
lic service.” 

Many such citations have come to 
Johnson since he started his career in 
the highway transport field. Among 
them have been honorary Doctor of 
Laws degree from Kenyon College: a 
citation by the National Commission on 
Safety Education of the National Edu- 
cation Association; an honorary cita- 
tion by his native State of Colorado; 
the award of the Legion of Honor by 
the French Government; and the 
George S. Bartlett Highway Award for 
service to the Clay Commission which 
produced the “Grand Highway Plan” 
enacted into law in 1956. 


JOHN R. NEFF has been named di- 
rector of product development for S I 
Handling Systems, Inc. in Philipsburg, 
N. J. Formerly he was employed by 
Chrysler Corp. as supervising engineer 
for Missile Division. 
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LESLIE F. LITTLE is now a consult- 
ant on cross country transport and 
earthmoving vehicles — having retired 
as director and chief engineer of Vick- 
ers-Armstrongs (Tractors) Ltd., New- 
castle upon Tyne, England. 

Little joined the Vickers-Armstrongs 
organization in 1928, where he has 
been associated continuously with the 
design and development of civil and 
military tracked vehicles. 

During World War II, he was sec- 
onded to the British Ministry of Sup- 
ply, where he served as deputy director 
of tank design. 


PHILIP A. SCHEUBLE, JR. has been 
elected a vice-president of Vapor 
Heating Corp. He will continue his 
present position as general manager of 
the company’s Vap-Air Division. 


THOMAS L. APJOHN has been 
named manager of additives depart- 
ment in the Paint and Special Products 
Division of Mobil Chemical Co., a new 
operating division of Socony Mobil Oil 
Co., Inc. Previously he served Mobil’s 
overseas operation as manager of its 
petroleum chemicals department. 


STUART C. McCOMBS has retired 
as administrative vice-president of 
Chicago Rawhide Mfg. Co., after serv- 
ing the company for 40 years. 

McCombs started Chicago Rawhide’s 
activities in the Detroit area with a 
small sales office in 1921, and has been 
instrumental in the development of 
their activities in the area. 


A. K. PARRISH has been named as- 
sistant to the general manager of 
Thompson Products Michigan Division, 
Thompson-Ramo-Wooldridge, Inc. He 
had been assistant general sales man- 
ager of the Michigan Division for the 
past year and a half. 


rMUEN 


H. J. BUTTNER has joined the ex- 
ecutive staff of Homelite, a division of 
Textron, Inc. as vice-president and 
staff assistant to the president. Butt- 
ner has been working with Homelite in 
a consulting capacity during the past 
year. 


WILLIAM H. HALL has been elected 
assistant vice-president of service engi- 
neering for American Airlines, Inc. 
He had been director of service engi- 
neering since November, 1959. 


Buttner 





ROBERT CASS, (center) president of SAE in 1953, has moved to 
Portland, Oregon, where he will be a Lecturer in engineering at Uni- 
versity of Portland’s School of Engineering. 

Cass retired recently as assistant to the president, White Motor Co 
He had been with White for 35 years and served in many important 
capacities, including that of chief engineer. 


On August 17, Cass was honored at a retirement dinner, 


where 


ROBERT F. BLACK (left), chairman of the Board, and White Presi- 
dent JOHN N. BAUMAN (right) were the hosts 


JOHN V. PRESTINI has been ap- 
pointed sales manager for wheel prod- 
uc(s at The Budd Co., Automotive Divi- 
sion He had been responsible for 
Budd's sales relationships with Chrysler 
Corp. 


R. L. CLARK, works manager at 
Ryan Aeronautical Co.’s San Diego 
plant since 1956, has been named vice- 
president — works manager. 


ROBERT GARMEZY has been ap- 
pointed director of engineering at 
Blackstone Corp. Gamezy joined the 
company in 1951 and has set up and 
directed the test facilities for Black- 
stone’s heat transfer products 


ALLEN FREDHOLD, executive vice- 
president and general manager of 
Hadco Engineering Corp., has been 
elected to Hadco’s board of directors. 


Prestini 


JAMES W. MARTIN has been ap- 
pointed works manager of Bucyrus- 
Erie Co.’s plant operations at South 
Milwaukee, Wis. He had been assistant 
to the vice-president, engineering, 
since December, 1956 and had also su- 
pervised the company’s Engineering 
Standards Division. 


DR. W. WAI CHAO has been ap- 
pointed director of research and de- 
velopment at Vickers, Inc., division of 
Sperry Rand Corp. Dr. Chao joined 
Vickers in 1959 as chief of research 


V. E. BOCCELLI has been appointed 
project engineer for the recently or- 
ganized Skybolt Re-entry Vehicle Pro- 
gram at General Electric Co.’s Missile 
and Space Vehicle Department. He 
joined the department in 1958 as plan- 
ning engineer for the Re-entry Vehicle 
Projects Operation 


Garmezy Martin 


NELSON R. DROULAND had been 
named technical director of mechani- 
cal and nuclear engineering at Franklin 
Institute Laboratories, Philadelphia. 
He had been research and develop- 
ment director of Budd Co.’s Automotive 
Division. 


ROBERT E. DAVIES has been 
named technical manager in molded 
goods for B. F. Goodrich Industrial 
Products Co. He had been project en- 
gineer on passenger tire development 
for B. F. Goodrich Tire Co. since 1957. 


CECIL N. KING has been appointed 
general manager of U. S. personnel and 
chief consultant for Acinfer, S. A. in 
Argentina. Formerly he was manufac- 
turing engineer for Chrysler Interna- 
tional in Argentina. 


JOHN W. CARLSON has been ap- 
pointed assistant general manager of 
Allis-Chalmers Mfg. Co.’s Construction 
Machinery Division. He had been gen- 
eral manager of the Deerfield Works 
since Allis-Chalmers acquired the Ili- 
nois firm (formerly Tractomotive 
Corp.) about a year ago. 


JAMES B. CODLIN succeeds John 
W. Carlson as general manager of 
Allis-Chalmers Deerfield Works. His 
former position was chief engineer at 
the Deerfield Works 


WILLIAM A. MacFARLAND has 
been named senior design engineer for 
Lockheed Aircraft Corp.’s Missiles & 
Space Division. Formerly he was chief 
engineer for defense products at Brown 
& Sharpe Mfg. Co. 


DUANE T. McRUER, president of 
Svstems Technology, Inc. will receive 
a Louis E. Levy Medal from The Frank- 
lin Institute at their annual Medal Day 
ceremonies, October 19. 

The award is presented to the author 
of a paper of special merit, published 
in the Journal of the Franklin Insti- 
tute. McRuer and Ezra S. Krendal of 
Franklin Institute Laboratories Labo- 
ratories each won awards for their 
joint paper on “The Human Operator 
as a Servo System Element.” 


EARLE F. COX has joined Ameri- 
can-Marietta Co. as general research 
engineer in charge of new machinery 
development for Concrete Products Di- 
vision. Formerly he served Blaw-Knox 
Co. as project engineer. 


Drouland 
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JOHN G. MATALON has joined 
Hancock Industries, Inc. as project en- 
gineer. Previously he served AGT Di- 
vision of Westinghouse Electric Corp. 
as senior engineer. 


PHILIP M. STRONG, formerly an 
engineer for Dynamic Developments 
Inc., is now development engineer at 
Torrington Mfg. Co. 


ALBERT W. FOSTER has been ap- 
pointed chassis design supervisor for 
Wettlaufer Mechanical Engineering 
Division of Pioneer Engineering & Mfg. 
Co. Formerly he was engine design en- 
gineer for Chrysler Corp. 


ROBERT E. LOREN has become field 
engineer for Pratt & Whitney Aircraft 
Co. Formerly he was application engi- 
neer for General Electric Co.’s Small 
Aircraft Engine Department. 


ROBERT E. THOMAS has become 
aeronautical power plant engineer at 
Wright Air Development Center, 
Wright Patterson Air Force Base, Day- 
ton, Ohio. Formerly he was project 
engineer for Allison Division, General 
Motors Corp. 


OSCAR A. LEVI has been appointed 
project engineer for flight test at Gyro- 
dyne Co. of America. Previously he 
served Republic Aviation Corp. as flight 
test project leader. 


R. EDWARD LODICO, previously re- 
search technologist for Socony Mobil 
Laboratories, is now service engineer at 
Ohio Oil Co. 


ROBERT E. SCHMITT, previously 
development engineer for Thompson- 
Ramo-Wooldridge, Inc., has joined the 
TRW subsidiary Ramsey Corp. as proj- 
ect engineer. 


K. C. GIFFEN has joined Burch 
Corp. as assistant to the president. 
Previously he was president of Gifeo, 
Inc. 


PAUL J. JUNG, previously chief test 
engineer, is now chief engineer for 
Trailmobile, Inc. at Berkeley, Calif 


EDWARD D. HENDRICKSON, pre- 
viously secretary and sales manager, is 
now executive vice-president of Hen- 
drickson Mfg. Co. 


WILLIAM M. CADE is now division 
chief engineer at International Harves- 
ter Co.’s Farm Equipment and Engi- 
neering Center at Hinsdale, Ill. He had 
been chief engineer at the company’s 
product engineering department. 


NORRIS C. BARNARD, manager of 
shallow draft marine sales for Esso 
Standard Oil Co., has received the 
Boating Man of the Year Award” for 
1960. The award is given annually by 
the Marine Trades Association of New 
York. 


OCTOBER, 1960 


LUTHER W. FEAGIN, formerly sen- 
ior director (SAGE), Washington Air 
Defense Sector, Ft. Lee, Va., is now 
commander at Resolution Island, 
N.W.T. for the U. S. Air Force. 


RICHARD HUTTON, vice-president 
for engineering at Grumman Aircraft 
Engineering Corp., is recipient of the 
Lawrence Sperry Award for “outstand- 
ing contributions to the development of 
carrier-based aircraft.” 


ELWOOD H. ROBINSON has been 
appointed manager of lubricant and 
grease sales for Lion Oil Co. Division of 
Monsanto Chemical Co. Formerly he 
was assistant manager for lube oil 
sales. 


CHARLES R. PLUM has been named 
director of marketing for Amcel Pro- 
pulsion, Inc. Formerly he _ served 
American Air Filter Co. as general 
manager. 


DONALD H. McGOWN has joined 
International Harvester Co. as sales 
engineer. Previously he served Aramco 
Overseas Co. as supervisor of trans- 
portation section. 


R. W. ELLIS has joined Universal 
Sales & Service, Ltd. in Alberta, Can- 
ada as service manager. Previously he 
served Healy Motors, Ltd. in a similar 
capacity. 


F. KRAAY has become overseas serv- 
ice inspector for Van Doorne’s Auto- 
mobiel Kabrieken N. V. in Holland. 
Formerly he was technical manager for 
N.A.M.V. in the Belgian Congo. 


Obituaries 


BENJAMIN N. ASHTON ... (M’49) 
. . retired president of Electrol, Inc. 
... died August 17... born 1904. 


ADNA R. CLARK ... (M’59) . . . de- 
sign engineer, advanced engineering, 
International Harvester Co... . died 
May 5... born 1905. 


WILLIAM COX ... (M’42) .. . vice- 
president, chairman of the board, Elco 
Lubricant Corp... . died July 10... 
born 1904. 


E. P. DeBERRY ... (M’59) .. . north- 
west fleet manager, Studebaker-Pack- 
ard Corp. ... died May 9... born 1913. 


COL. E. A. DEEDS... (Mill)... 
retired chairman of the board, Na- 
tional Cash Register Co. ... died July 
1... born 1874... developed, in asso- 
ciation with Charles F. Kettering, the 
modern automobile ignition, starting, 
and lighting system .. . credited with 
conceiving idea of electrifying cash 
registers ... during World War I, in- 
strumental in development of Liberty 
engine, America’s first war produced 
airplane engine. 


VICTOR JANTSCH ...(M’12) ...re- 
tired ... died July 27... born 1887. 


DANIEL H. KELLY... (M’24)... 
management consultant for D. H. Kelly 
Associates (now E. J. Kelly Associates) 
... died July 26... born 1883. 


WARREN J. KOPF... (M’57) ... 
assistant technical director, Eleco Lu- 
bricant Corp... . died July 12... born 
1923. 


RAY MANSMANN ... (M’44)... 
chairman of the board, G. M. Schnabel 
Co.... died May 29 .. . born 1888. 


EMIL R. MARTEN ... (M’46)... 
engine designer, White Diesel Engine 
Division, White Motor Co. ... died 
July 16... born 1929. 


MAURICE B. MILLER ... (M’52) 
... propietor, Aeronautical Service En- 
gineering ... died July 14... born 
1905. 


MAJOR WILLARD G. PALM . 
(M’54) ... aircraft commander, main- 
tenance officer, Department of the Air 
Force ... died July 1... born 1921. 


CLARENCE H. PARRISH, JR... . 
(M’52) . . . product engineer, senior 
designer, Ford Motor Co., Engineering 
Staff ... died June 17... born 1912. 


RALPH POGSON ... (M’57) 
owner, Hanna Auto Specialists ... died 
July 22... born 1903. 


OTIS PRESBREY ... (M’23) 
president, Otis Auto Dynatester, Inc. 
... died July 9... born 1890. 


JOHN W. SMITH ... (M’18) ... re- 
search engineer ... died May 16... 
born 1871 . .. during World War I, 
member of National Advisory Commit- 
tee for Aeronautics . .. designed and 
built first successful steel propeller, now 
in Smithsonian Institute. 


CURTIS GARWOOD TALBOT... 
(M’53) ... manager, Flight Test Opera- 
tions, General Electric Co., Schenec- 
tady ... died Aug. 8... won GE’s Cof- 
fin Award in 1951 for his “unusual 
initiative, energy, technical ability and 
sound judgment in the flight testing 
of aircraft.” .. . Born Plymouth, Il. in 
1913 .. . BS in Electrical Engineering, 
University of Illinois . . . Joined GE 
shortly after graduation in 1936... . 
Licensed commercial pilot. 


F. H. TURNER ... (M’40) ... man- 
ager of Power & Industrial Equipment 
Division, General Motors New Zealand, 
Ltd. ... died May 11... born 1909. 


WILLIAM G. WEST... (M’24)... 
retired ... died July 7... born 1892. 


GERSON ZWEIGHAFT ... (M’58) 
... thermodynamics engineer, Republic 
Aviation Corp. ... died July 22... born 
1937. 


107 








SAE Section Meetings 


BALTIMORE 
November 10 . Frederick R. 
Gruner, director of engineering 


and Herbert L. Forman, engineer- 
in-charge, Engineering Laborato- 
ries, Purolator Products, Inc. “Re- 
cent Development in Air, Fuel, 
Lubricating Oil and Hydraulic Oil 
Filtration.” Engineers Club, 6 
West Fayette Street. Dinner 7:00 
p.m. Meeting 8:00 p.m. 


DETROIT 


November 7... John Z. DeLorean, 
assistant chief engineer, Pontiac 
Motor Division, General Motors 
Corp. “The Pontiac Tempest.” 
Rackham Educational Memorial, 
100 Farnsworth. Dinner 6:30 p.m. 
Meeting 8:00 p.m. Dinner Speaker: 
Paul Goldsmith. 


FORT WAYNE 


November 9... John S. Worthing- 
ton, Ethyl Corp. “Potential Au- 
tomobile Powerplants.” Hobby 
Ranch House, Corner Anthony & 
Crescent Aves. Dinner 6:30 p.m. 
Meeting 8:00 p.m. 


METROPOLITAN 


November 1... F. N. Dickerman, 
assistant chief engineer, Stratos 
Division, Fairchild Engine & Air- 
plane Corp., Bay Shore, New York. 
“The Lockheed BLC Hercules —A 
Practice STOL Transport.” Stra- 
tos Division, Fairchild Engine & 
Airplane Corp., Bay Shore. Plant 
Tour 5:30-6:30 p.m. Sponsored 
Cocktails 6:30-7:00 pm. Dinner 
7:00 p.m. ($3.00 per person) 
Meeting 7:45 p.m. Special Fea- 


ture: Films and Slides will be 
shown. 
November 10... “Small Diesels for 


New York Truck Fleets.” -Repre- 
sentatives from International Har- 
vester Co. and Detroit Diesel Divi- 
sion of GMC. Brass Rail Restau- 
rant, Fifth Ave. between 43rd & 
44th St., New York. Cocktails 5:30 
p.m. Dinner 6:30 p.m. Meeting 
7:45 p.m. 

November 17... James M. Smith, 
manager, automotive section, Alu- 
minum Co. of America, “Aluminum 


Engines.” Henry Hudson Hotel, 
57th St. & Ninth Ave., New York. 
Meeting 7:45 p.m. 


NEW ENGLAND 


November 1... C. E. Killebrew, 
vice president, Clark Equipment 
Co. “Off Highway Equipment.” 
M.I.T. Faculty Club, Memorial 
Drive, Cambridge. Dinner 7:00 
p.m. Meeting 8:00 p.m. 


PITTSBURGH 
October 25 ... I. N. Bishop, Ford 
Motor Co. “Fuel Economy — What 


is the Potential?” Mellon Insti- 
tute Auditorium, 4400 Fifth Av. 
Dinner 6:00 p.m. Meeting 8:00 
p.m. 


ST. LOUIS 


November 15... Col. John Hern- 
den, commanding officer, Aeronau- 
tical Chart Service. “Navigational 
Aids for Space Travel.” Congress 
Hotel, 275 Union Blvd., St. Louis. 
Dinner 7:00 p.m. Meeting 8:00 
p.m. 


SALT LAKE 


October 31 ...H. A. Bowles, man- 
ager of marketing, Western Re- 
gion, Continental Oil Co. “Oil 
Industry Magic.” Prudential Fed- 
eral Savings Bldg., 33rd South and 
State St. Dinner 7:00 p.m. Meet- 
ing 8:15 p.m. Special Feature: 
“Doc” Bowles amateur “Magician”. 


SOUTHERN CALIFORNIA 


November 7... Panel Meeting dis- 
cussing “New M-S Test Sequence.” 


Union Oil Auditorium, 461 So. 
Boylston, Los Angeles. Meeting 
7:00 p.m. 

November 14... Elvin S. Wright, 


test pilot, North American Avia- 
tion. “X-15 Experimental Rocket 
Plane.” Rodger Young Audito- 
rium, 936 W. Washington Blvd., 
Los Angeles. Dinner 6:30 p.m. 
Meeting 8:00 p.m. 


TEXAS SECTION 


November 17 and 18... 7th Annual 
Auto Air Conditioning Forum. 


VAL JUUANAL 


SAE's 
Is at 


N SAE STUDENT BRANCH is now 

in operation at Milwaukee School 
of Engineering by virtue of a charter 
granted at the June meeting of SAE’s 
Board of Directors. 

The new Branch starts out with 75 
enrolled students . . . and with more 
than a year’s operating experience as 
an SAE club. While under Club status, 
one plant-inspection tour and seven 
technical meetings were held — all well 
attended. 

Among the enrolled students who 
worked in various officer capacities to 
launch and bring the Club to Student 
Branch status are: Robert Ginnow, 
Russell Graf, George B. Gross, Keith 
W. Hammel, Gerald Oja, Robert Pro- 
chaza, Norman Stieber and Henry 
Thompson. 

Keith F. Kummer has been faculty 
advisor since the Club’s inception, and 
will continue in that capacity for the 
Student Branch. J. P. Kelly, Milwaukee 
Section Student Committee chairman, 
and F. B. Esty, Sections Board member 
on the Student Activities Committee, 
have been valuable Section and head- 
quarters links for Faculty Advisor 
Kummer and the students. Word comes 
from the students that, with the as- 
sistance of all three, an active Student 
Branch year is in the making. 


About the School 


Founded in 1903 by Oscar Werwath, 
and chartered by the State of Wiscon- 
sin in 1917, MSOE is governed by a 15- 
man Board of Regents elected from 
among 59 eminent representatives from 
industry, commerce, engineering, and 
education — who form the non-stock 
corporation of MSOE. Karl C. Wer- 
wath is currently president; Heinz M. 
Werwath, vice-president and treasurer; 
Fred J. Van Zeeland, dean of engineer- 
ing. 


The “Concentric Curriculum” 


At MSOE, some 2100 students are 
studying technology under a unique 
system known as the “concentric cur- 
riculum.” This system makes possible 
the educating of both engineers and 
engineering technicians simultaneously 
... and provides a natural succession of 
courses leading through an Associate in 
Applied Science degree to a Bachelor of 
Science degree. The concentric cur- 
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Newest Student Branch 


Milwaukee School of Engineering 


riculum gives students opportunity to 
progress through nine months of basic 
technical] studies, then study at the en- 
gineering technician level, and even- 
tually to the 36-month engineering 
level. 

The student may elect to study in 
either electrical or mechanical technol- 
ogy. Technician programs are avail- 
able in air conditioning, computer, elec- 
trical power electronics communica- 
tions, metallurgical and industrial tech- 
nology. Graduates of either of these 
programs are granted Associate in Ap- 
plied Science degrees and have com- 
pleted the first 18 months prerequisite 
study for the Bachelor of Science de- 
gree in either electrical or mechanical 
engineering. ‘(SAE enrolled students 
are drawn from among those in the 
latter category.) 

Four inherent advantages claimed 
for the MSOE system are: 


1. Progress during the first nine 
months of basic study determines the 
potential of the student. With this 
background, he is better able to decide 
whether his capabilities will permit 
him to complete engineering techni- 
cian or engineering studies, or both. 

2. Technical subjects are introduced 
during these first months of study. 
These subjects, combined with elec- 
tives in other areas such as the hu- 
manities and social sciences, give 
MSOE graduates the fundamental re- 
quirements for successful careers as 
engineering technicians or engineers. 

3. Teaching both the engineering 
technician and the engineer on the 
same campus gives each a better un- 
derstanding of the part the other plays 
on the engineering team .. . and leads 
to a closer liaison and cooperation be- 
tween the two groups in industry. 

4. The system is oriented toward the 
more mature student—the student 
who has already decided that his ca- 
reer potential is greatest in the field he 
is pursuing at MSOE. 


The School’s curriculums are under 
constant surveillance by a team of ex- 
pert industrial advisors, who suggest 
revisions and changes to meet changing 
industrial requirements . . . and indus- 
try supports MSOE through capital 
gifts and equipment to gear the in- 
struction as closely as possible to the 
needs of industry. 
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KEITH F. KUMMER, chairman of 
the mechanical engineering depart- 
ment at Milwaukee School of Engineer- 
ing, is Faculty Advisor for the SAE 
Student Branch. 

A native of Wauwatosa, Wis., Kum- 
mer served three years in the United 
States Navy during World War II, and 
graduated from the University of Wis- 
consin in 1951. He has been a member 
of tre Mechanical] Engineering Depart- 
ment at the Milwaukee school for the 
past six years. Kummer 








The Focault Pendulum — a feature of MSOE’s Allen-Bradley Hall of Science —is a continuing 
demonstration of the direction of the earth’s motion. This phenomenon has important applica- 
tion in long-range missiles and the study of atmospheric circulation. Milwaukee’s latitude is 
43.03 deg north. Consequently, the floor beneath the pendulum is marked off in 34 units of 
10.236 deg, which is the hourly rotation rate for this location. Here a group of students in the 
main stairwell check the pendulum’s swing. 


109 








108 


year. 





COOPERATIVE 


ENGINEERING 


2AE JOURNAL 


r P News 


PROGRAM 


12 New SAE Aero-Space 


APPROXIMATELY 35,000 SAE Aeronautical Standards pass into the hands of engineers in aerospace industries each 


. Which has been linked with the revision of eight existing reports. 


Name of New Document 
Identification Marking of Items 


for Aircraft Powerplants (AS 
478) 
Aircraft Circuit Breaker and 


Fuse Arrangement (ARP 486) 


Hose Assemblies, Flexible Metal, 
Aeronautical, Low Pressure 
(ARP 601) 


Hose Assemblies, Flexible Metal, 
Aeronautical, Medium Pressure 
(ARP 602) 


Tapered Axle Collar Dimensions 
(AS 665) 


6-Ring Size and Part Number 
Cross-Reference Chart (AIR 
63) 


Purpose 

Specifies marking methods which identify propul- 
sion components. Covers both permanent marking 
for normal service life and temporary marking for 
identification and/or record of inspection up to 
time of initial assembly or use. Allows a designer 
to specify a particular marking method or a class 
of marking methods which are of approximately 
equal severity. The class option enables suppliers 
to use existing equipment. 


Sets forth the desired location and arrangement of 
circuit breakers, fuses, and limiters in civil-type 
multi-engine transports ... thus eliminating the 
possibility of errors during flight such as the physi- 
cal inversion of these protective devices and their 
associated equipments. 


Specifies requirements and basic qualification tests 
of flexible low pressure metal hose assemblies used 
in aircraft to convey fuels, lubricants, coolants, and 
bases in fuel systems, bleed air systems, heating and 
ventilating systems, cooling systems, anti-icing sys- 
tems, fire extinguishing and instrument air systems. 
Also applies to hydraulic and pneumatic system 
drain lines. 


Same as above except it applies to medium pressure 
hose assemblies. 


Specifies dimensions for tapered axle collars used in 
aircraft. 


Provides a ready cross-reference between ARP 568, 
Uniform Dash Numbering System for O-rings, and 
a variety of existing and former dash numbering 
systems called out in other O-ring drawings and 
standards. 


This flow of performance and design information is being increased by the recent issue of 12 new SAE documents 


Originating Committee 
Committee E-21, Design and 
General Standards for Aero- 
Space Propulsion Systems 


Committee S-7, Cockpit 
Standardization 


Committee G-3, Aircraft and 
Missile Fittings and Flexible 
Hose Assemblies 


Same as above. 


Committee A-5, Aircraft Wheels, 
Brakes, Skid Controls, and Axles 


Committee G-4, Elastic Seals 


NOTE: An Index of SAE’s Aeronautical Standards, Recommended Practices, and Information Reports is available free 
of charge from SAE Headquarters, 485 Lexington Ave., N. Y. 16, N. Y. 


110 


SAE JOURNAL 








Onn aan eeNensaeieeietiE 


OCTOBER, 1960 


VOUT LL we Ht Hitt AUUUUEE TEED i 


Equipment Expert 


Joins Technical Board 





Dolan 


Reports Up Total to 282 


Fitting End: Attachable, Male 
for 37° Flared Tube Connection, 
Flexible Metal Hose — Straight, 
45° Elbow and 90° Elbow Styles 
(AS 1011) 


Fitting End: Attachable, Swivel 
Female 37° Machined Flare, 
Flexible Metal Hose — Straight, 
45° Elbow and 90° Elbow Styles 
(AS 1012) 


Fitting End: Attachable, Swivel 
Female 37° Flared Tube, Flexi- 
ble Metal Hose — Straight, 45 
Elbow and 90° Elbow Styles (AS 
1013) 


Fitting End: Attachable, Swivel 
Flange, Flexible Metal Hose - 
Straight, 45° Elbow and 90° El- 
bow Styles (AS 1014) 


Fitting End: Attachable, Female 
Flareless, Machined Nipple, 
Flexible Metal Hose — Straight, 
45° Elbow and 90° Elbow Styles 
AS 1015) 


Fitting End: Attachable, Flare- 
less Male, Flexible Metal Hose 
— Straight, 45° Elbow and 90 
Elbow Styles (AS 1016) 


scribed in the drawing title. 


Same as above. 


Same as above. 


Same as above. 


Same as above. 


Same as above. 


Sets forth the critical installation dimension when 
assembled to flexible metal hose for the fittings de- 


HUCUPEUODEUADUEEATEELUOD EE EDE ETTORE POUEEELUASERGAOUOETLOSORUDEEEUTUEEA TERETE ED 


J. H. DOLAN has joined the SAE Technical Board 
at the invitation of SAE President Chesebrough. 
His duties as a member of this group will be 
to help formulate policy for some 300 technical 
committees which produce hundreds of documents 
each year. 

Dolan entered the automotive industry through 
the construction field. In World War II, he was an 
equipment officer with construction battalions in 
Alaska and the Pacific. His post-war experience 
begalu at Morrison-Knudsen Co. Subsequently, he 
worked as a service engineer at Mack Trucks and 
at Burlington Truck Line as general manager- 
mechanical. His current affiliation with the Brown 
Trailer Division of Clark Equipment Co. began in 
June of this year. 

Dolan has been active in Transportation and 
Maintenance Technical Committee work as well as 
that of three of its subcommittees. 


CT 


Aircraft and 
and Flexible 


Committee G-3, 
Missile Fittings 
Hose Assemblies 


Same as above. 


Same as above. 


Same as above. 


Same as above. 


Same as above. 


Revised Documents 


ARP 277A — Propeller attachment — Nose Mounted 


AS 278A—Cockpit Flight Instrument Panel Arrangement (Inactive for New Design of Transport Aircraft, Effective 


June 1, 1960) 
ARP 368B —Spark Plug Thread Form Data (60° Thread Angle) 
AS 393A— Airspeed Tubes Electrically Heated 
ARP 483A — Anti-Skid Equipment 
ARP 494B — Terminals —Input and Output —Ignition Exciters 
AIR 
fective June 1, 1960, See ARP 580) 


AIR 84A — Ignition Peak Voltage Measurements 


>» To order the above, see p. 6 
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32A — Cockpit Visibility for Commercial Transport Aircraft (Inactive for New Design of Civil Transports, Ef- 


Heuer 
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A. T. COLWELL (left) predicted in his dinner talk that 
“the standard sized car is going to get smaller and the com- 
pact is going to get bigger.” Following introduction by 
Toastmaster C. A. Winslow (right), Colwell went on to 
prophesy that: 

(1) The hump in passenger cars, caused by transmission 
and drive shaft, will eventually disappear. 

(2) A practical solution will be found for the exhaust 
emission problem. 

(3) Gas turbines and free-piston engines are in their 
infancy. They will be most applied in off-highway vehicles 
and trucks. 

(4) The horsepower race — which is ended among larger 
cars — will continue among compacts. 

(5) Some forward-thinking inventor may likely pioneer 
an invention that obsoletes our present powerplants. 

Colwell, who is vice-president of Thompson-Ramo- 


Wooldridge, is an SAE past president and is currently chair- 
man of SAE’s Finance Committee 





1960 West Coast Meetin 


Technical Papers... 


Head-On Collisions — Series ||| by D. M. High-Speed Tractor Steering Transmissions 

Severy, A. W. Siegel, and J. H. Mathew- y H. W. Christenson, Allison Divisior 

son, institute of Transportation G Traf General Motors Corp. (213¢ 
The California Motor Vehicle Emission fic Engineering, University of California 
Standards by G. S. Hass, State of Cali- (211D) 
fornia, Dept. of Public Health (210A) The Electric Transm mn for Railroad 

comotives by T. B. Dilworth, Electro = 
Motiv pH on Gener otc 5 = 
Approaches to the Direct Flame After- Diesel — Gas Turbine Power by C. CG. A. 214A) emves zeneral Motors Corp 
burner by G. W. Cornelius, Holley Car- Rosen, Consultant (212A) 
buretor C (2108) 
Dieselhydraulic Locomotives by K. W. 

Electrochemical Fuel Cell for Transporta- Lampe, Krauss-Maffei AG (214B) 
The Need for a New Concept of Rapid tion by M. Eisenberg, Lockheed Missiles 
Transit by W. N. Kennedy and W. S. G Space Division (212B) 
Homburger, institute of Transportation G Crank-Piston Gas-Generator Locomotives 
Traffic Engineering, University of Cali- by Lars Tengner, Aktiebolaget Gotaverken 
fornia (210€) Gas Turbine Cycles and Design Concepts 214C) 

for Vehicle Propulsion by C. H. Paul and 

5 . Ee R c Mf Co f 
Directional Stability and Control of a ee tes scssereh fing ” Diesel Development in Medium and Small 
Four-Wheeled Vehicle in a Flat Turn by Commercial Applications by J. C. Dawson, 
Martin Goland and Frederick Jindra, South- F. Perkins, Ltd. (215A) 
west Research Institute (211A) Designing Off-Highway Mobility The Prob- 

lem and the Answer Past and Present The Development of the Small Automo 
Full Scale Testing of Highway Rails and Future by W. M. Brown and V. H. Dorsey, tive Secan” te Western Europe and Its 
Median Barriers by F. N. Hveem and J. Kenworth Motor Truck Co. (213A) Likely Role in the USA by J. H. Pitchford, 
L. Beaton, State of California, Division of Ricardo G Co., Ltd. (215B) 
Highways (211B) 

Design and Muskeg Operation of the 20- 

Ton Payload Carrier, the Musk-Ox by C. Papers are available through SAE Special 
Crash Studies of Modern Cars with Uni- J. Nuttall, Jr., Wilson, Nuttall, Raimond Publications Department. Prices: 50¢ a 
tized Structure by R. H. Fredericks and Engineers, Inc., and J. C. Thompson, Im copy to members; 75¢ a copy to non- 
R. W. Connor, Ford Motor Co. (211€) perial Oil, Ltd (213B) members 


tienen 
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SECTIONS OFFICERS LUNCHEON during the West Coast 
Meeting saw seated at a head table (left to right) W. F. 
Ford, chairman of the SAE Sections Board; Harry E. Chese- 
brough, SAE President; I. M. Harlow, chairman, Northern 
California Section; and Joseph Gilbert, SAE secretary and 
general manager. 

Speaking at the West Coast Meeting dinner later, Presi- 
dent Chesebrough cited the success of recent changes in 
SAE organization which allow more members to contribute 


to and participate in the Society’s activities. Among other 
things, he told his audience were: “If life were dull, I 
wouldn’t want any part of it’... and “One of the toughest 
jobs an engineer has to do is to sell.” 


At the conclusion of his dinner remarks, President Chese- 
brough presented a plaque to J. A. Edgar, general chairman 
of the West Coast Meeting, for his part in organizing the 
highly successful program. 





Reaches New Technical Highs 


HREE days of timely, well chosen 

and interesting technical sessions, a 
sellout banquet affair, planned activi- 
ties for the ladies, and a visit to Aero- 
jet General Corporation’s facilities at 
Sacramento to see what’s involved in 
making Titan and Polaris missile boost- 
ers, resulted in a most successful SAE 
National West Coast Meeting at the 
Jack Tar Hotel in San Francisco, Au- 
gust 16-19, 1960. 

Total attendance was near the 500 
mark; and individual session attend- 
ance averaged 185. 


“Smog” Problems Again 


Two sessions continued and brought 
up to date SAE’s coverage of the tech- 
nical aspects of the “smog” problem. 
In the past year, the State Legislature 
of California took significant steps to- 
ward control of vehicle exhaust emis- 
sion by setting allowable limits for hy- 
drocarbons and carbon monoxide. The 
new State regulations provide also for 
eventual installation of approved motor 
vehicle pollution control devices. 

Also revealed at the meeting was a 
promising approach to the control of 
smog-producing vehicle-exhaust emis- 
sions through a direct flame after- 
burner. Such devices are claimed to 
have passed the development and re- 
search stage and are being readied for 
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possible production. It is expected, 
however, that their general acceptance 
might be resisted because of high initial 
and operating costs, noise, and possible 
fuel economy. A slight amount of 
extra gasoline is needed for the opera- 
tion of this device. 

A less direct approach to controlling 
automobile air pollution is through de- 
velopment of new rapid transit con- 
cepts. These ideas were discussed by 
engineers from the University of Cali- 
fornia. To replace the highway con- 
gestion and associated problems, such 
as smog-causing emissions resulting 
from providing “rapid mass transit” to 
main population areas via the automo- 
bile, a new system requiring a vehicle 
having the flexibility of a manually op- 
erated bus has been suggested. Such a 
vehicle, as it approaches the downtown 
congested areas would be put on special 
track systems which would provide for 
automatic control and deliver passen- 
gers rapidly and safely to their destina- 
tions within the heart of the city with 
convenience and ease. 

A more novel, and perhaps uncon- 
ventional, suggestion to relieve modern 
day traffic congestion was to make 
better use of passenger cars (which 
often haul only one or two persons), 
by setting up a system whereby individ- 
uals, after establishing required qualifi- 
cations, would be allowed to pick up 


and haul passengers for revenue in 
their Own cars. 


Technical Sessions Interest 


Other technical sessions of the meet- 
ing developed data on what happens 
when your car hits a dividing barrier 
on the highway. They discussed ques- 
tions like: “Am I safer in the modern 
unitized car than in the conventional 
body and chassis construction?” ... 
and, “What happens when cars meet 
head-on at better than 50 mph?” 

A lot of these questions were an- 
swered during the sessions on highway 
safety. Motion pictures of actual 
crashes of cars and buses into road 
barriers and into each other were one 
of the more interesting highlights of 
these sessions. 

At a session on “New Power Sources” 
someone hazarded a guess that, if all 
goes well, we might see fuel cells power- 
ing some highly specialized vehicles in 
5-10 yr. It will be some time, however, 
before this source of power will make 
an appreciable impact on the passenger 
car transportation field. 

At present, the gas turbine does not 
appear to offer sufficient advantages to 
merit it as a replacement for the recip- 
rocating engine in passenger cars. 
Some feel its application to automotive 
transportation may never come, while 
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A DISTINCT FOREIGN FLAVOR 
characterized this 1960 West Coast 
Meeting ... and previewed in miniature 
the SAE International Congress and 
Exposition of Automotive Engineering 
scheduled to be the 1961 Annual Meet- 
ing in Detroit next January. 

Prominent among the overseas par- 
ticipants in the West Coast Meeting 
assembled by Program Chairman E. S. 
Starkman of University of California, 
were (left to right) Lars Tengner, AkK- 
tiebolaget Gotaverken; J. H. Pitchford, 
Ricardo & Co., Ltd.; Starkman; and 
J. G. Dawson, F. Perkins, Ltd. 

Present also were Antonio Mora, 
Consultant, Instituto Nacional de Tec- 
nica Aeronautica, Madrid, Spain; M. 
Arantelovic, and M. Pecic, Yugoslavian 
Railways, Belgrade: H. Bata, coordina- 
tor, Esso France. 
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FIVE SECTIONS were sponsors for the 1960 West Coast Meeting. 
men (left to right): J. F. Beach (So. California); S. G. Jones (British Columbia) ; 


Louis Schroeder (Northwest); I. M. Harlow 


(Oregon). 


others feel it may be only 5 yr in the 
future. Utilization and further devel- 
opment of exhaust-driven supercharger 
turbines to existing successful power- 
plants may well encourage the further 
development of more efficient gas tur- 
bines and a transition stage to the de- 
velopment of a full gas turbine power- 
plant. 


Transport Problems 


The Musk-Ox vehicle can carry a 
payload of 20 tons; weighs a total of 
45 tons. Yet in moving along on its 
special wide tracks it exerts, under full 
load, a pressure of only 3.1 lb per sq in. 
This light-footed vehicle was specially 
designed for oilfield operations in the 
muskeg terrain (marsh-like peat bogs) 
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in Canada. It is the only type of vehi- 
cle that has been able to transport 
needed equipment to work sites during 
the seasons when the muskeg is not 
frozen. 

Color motion pictures showing this 
unusual vehicle in operation under 
most adverse conditions were shown. 
Not only was the vehicle unusual, but 
so was the film. It seems the authors, 
in their haste to make a good showing 
for their presentation, had some addi- 
tional feet of excellent film spliced into 
the reel at the last moment — upside 
down and backward. 


Diesel Locomotives 


Of the 30,500 diesel electric locomo- 
tives operating in the United States, all 


exposed when re-entering or fiving 


(No. California) ; 


Their chair- 


and Mel Gordon 


have used DC electric transmissions 
In contrast to this wide U. S. experi- 
ence, are the diesel-hydraulic locomo- 
tives developed in Germany by Krauss- 
Maffei AG. This German design is 
powered by lighter-weight, higher- 
speed diesel powerplants than is the 
current practice in the U. S., and —as 
the name implies— uses a Voith hy- 
draulic transmission drive for trans- 
mitting the power to the driving wheels. 

Details of the European locomotive 
development were discussed during the 
“Railroad Powerplants and Drives” 
session by P. Garen of the Southern 
Pacific Railroad, substituting for K. W. 
Lampke, of the Krauss-Maffei organi- 
zation, who was unable to attend. 
Krauss-Maffei locomotives are sched- 
uled to be given a field trial in the U. S. 
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J. A. EDGAR (front row center) was general chairman for 
this 1960 SAE West Coast Meeting. 


Serving with him as chairmen of the various committees 
through which successful operation was achieved were (left 
(House) ; 


to right): Front row —I. M. Harlow 


soon. Three each of the 4000 hp units 
have been ordered by the Southern 
Pacific and the Denver-Rio Grande and 
Western Railroads. It is expected that 
this light weight, high powered locomo- 
tive will allow up to 5% increase in 
payload in U. S. railroad service. 

A locomotive design that requires no 
torque converter transmission was de- 
scribed by L. H. Tengner of Aktiebolaget 
Gotaverken, Goteborg, Sweden. A gas 
turbine driving the locomotive requires 
only a speed reducer and reversing gear 
to attain the desired speed-torque 
characteristics for this application. 

The unusual feature of this locomo- 
tive design is the gas turbine. The die- 
sel gas generator consists of a 5-cyl, 
2-stroke opposed-piston engine with 
only one crankshaft. The lower piston 
is connected by a short rod to a middle 
bearing of the crankshaft, the upper 
piston by two long rods to the side 
cranks adjacent to the middle bearing. 
Single acting compressor pistons are 
connected by intermediate yokes to the 
upper working pistons. The gas gen- 
erator operates in the speed range of 
360 to 720 rpm and develops 1300 gas 
hp. 


High-Speed Diesels 


At the final session of the meeting 
J. F. Dawson of F. Perkins, Ltd. and 
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Totman 


E. B. Lien Reception); 


J. H. Pitchford of Ricardo & Co., Ltd. 
discussed the current status of develop- 
ment of the medium and small high- 
speed diesel for automotive applica- 
tions. Although the United States has 
lagged behind Europe in using the die- 
sel in smaller trucks, vans and commer- 
cial vehicles, the authors predicted that 
diesel engines will be the coming means 
of powering taxis and service vehicles. 
They feel, however, that widespread use 
in passenger cars in not very likely. In 
some trial applications of diesel-pow- 
ered taxicabs on the West Coast, gains 
of 100% in fuel consumption over the 
conventional gasoline powered taxicabs 
have been observed. The main ob- 
jections to use of diesels in cabs are 
noise, low power and inherent rough- 
ness. Some diesels have been tried in 
taxicab service in San Francisco but 
were discontinued because they lacked 
sufficient power to provide satisfactory 
performance over the hilly terrain 
there. 

To provide further acceptance of the 
light weight high speed diesel for auto- 
motive service throughout the world, 
development of less restrictive wider 
cut diesel fuels has been suggested. 

Representatives from England urged 
that the automotive and oil industries 
get together on extensive cooperative 
programs to develop engines and fuels 
that can operate over a wider range 


(Finance); Edgar; 
Coffey (Publicity). 

Back row —D. C. Wimberly 
(Transportation); C. W. Frankenfield (field editor); R. E. 
(Ladies Activities) ; 
and V. C. Peterson (Arrangements). 
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E. S. Starkman (Program); and C. R. 


(Banquet); E. C. Beagle 


Cc. E. Bull (Registration & 


than possible today. The hope was ex- 
pressed that in the future it would be 
possible to have a broad-band fuel, pos- 
sibly not too dissimilar from JP-4, for 
use in all commercial fuel applications 
including heating, except for the spark 
ignition engine. The future possibil- 
ity of requiring only two fuels, gasoline 
and diesel, would facilitate greatly dis- 
tribution problems. This Utopian state 
of affairs was believed, however, to be 
at least 10 yr in the future. 


Banquet 


At the Wednesday night banquet, 
after a thoroughly enjoyable social 
hour, approximately 270 members, 
guests and wives assembled in the main 
banquet room of the Jack Tar Hotel. 

A FIELD TRIP to Aerojet General 
Corp. near Sacremento, Calif., closed 
the West Coast Meeting. The visitor 
viewed the research and manufacturing 
facilities of this large rocket compo- 
nent manufacturer. (Aerojet produces 
parts for the Polaris, Minute-Man, and 
Titan missile engines.) 

During the trip, there was an actual 
firing of the third stage of a Titan 
liquid-fuel missile. Nearly fifty SAEers 
saw this spectacular event. (The third 
stage of the Titan develops 300,000 lb 
of thrust and consumes about 350 lb of 
fuel .. . and 900 lb of oxygen per sec- 
ond. The firing lasts 140 sec.) 
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comparison of air breathing booster 


to rocket booster. 


New Diet for X-15 Engine, G. R. 
CRAMER, H. A. BARTON. Paper No. 
177C. Design concepts which make 
rocket engine suitable for manned 
space vehicles also provide wide range 
of performance capabilities through 
use of different propellants; outline of 
unusual possibilities resulting from 
propellant substitutions using XLR-99 
turbo-rocket engine, developed for X-15 
research aircraft; four propellant com- 
binations are oxygen and hydrazine, 
oxygen and hydrogen, nitrogen tet- 
roxide and hydrazine, and hydrazine 
and pentaborane; results obtained. 


Ablation Cooling of Missiles and 
Satellites, E. R. G. ECKERT. Paper 
No. 185A Physical processes involved 
and_ basis on which evaluation of abla- 
tion cooling to protect missiles during 
re-entry through atmosphere can be 
made; conditions to which object is 


exposed when re-entering or flying 
with hypersonic velocities; overall heat 
balance considering re-entry process 
can give first information on amount 
of heat sink material required; for 
detailed design study, heat balances 
have to be made for each instance dur- 
ing re-entry time; pertinent equations. 


Plasma Propulsion, S. W. KASH. 
Paper No. 185B. Underlying principles 
of plasmas and plasma phenomena; 
in plasma propulsion units, neutral 
plasma is accelerated with aid of elec- 
tric and magnetic fields; magnetic 
fields can be provided by currents in 
plasma, or independently; propellant 
energy is supplied by electric fields; 
however, magnetic fields are required 
to orient gas and give it net momen- 
tum; steady-state and pulsed plasma- 
accelerator involve some basic princi- 
ples although technical problems are 
different and analog to those between 
d-c and a-c electrical devices; perti- 
nent equations. 


Pilot Instrumentation for Vehicle 
Control in Near Space, C. J. HECKER. 
Paper No. 173C. Study of mission pro- 
gram composed of escape, exo-atmo- 
spheric, and recovery phase; perform- 
ance boundaries for escape problems, 
and tolerances on orbit injection con- 
ditions; since vertical orientation, ve- 
locity along path and altitude are 
quantities which determine successful 
exit, conventional instrumentations 
appear adequate; vertical orientation 


is presented on two axis remote atti- 
tude indicator; velocity along path and 
altitude are displayed on 3-in. indi- 
cators; other instruments. 


Turbofan and By-Pass Type Engines 
for Jet Transports, A. A. LOMBARD, 
D. GERDAN. Paper No. 172C. First 
Conway engine and development of 
running of RB. 141 engine; parameters 
which determine suitability of engine 
are installed fuel consumption, power 
plant weight and bulk, and engine 
cost; arangement of Rolls-Royce by- 
pass engine; thrust reversing device is 
integral part of engine; geometric lay- 
out; advantages to be gained by op- 
erating at high turbine inlet tempera- 
tures; effect of turbine inlet tempera- 
ture and by-pass ratio on operating 
economics is shown. 


GROUND VEHICLES 


Engineering Know-How in Engine 
Design —8, Paper SP-178. Eighth 
of series of annual lectures planned by 
Milwaukee Section consists of follow- 
ing papers: Techniques in Evaluating 
Valve Train Dynamics, L. T. BRINSON, 
Jr., 13 p.: Dynamometers for Engine 
Testing, T. E. JAHNTZ, 19 p.; Radio- 
Isotopes — New Testing Tool, Z. J. 
RACZKOWSKI, 16 p.; Instrumenta- 
tion for Engine Testing, I. BAXTER, 
16 p.; Techniques Used in Field Test- 
ing Diesel Engines, J. J. CYCHOL, Jr., 
9p. See also seventh of series indexed 
in Engineering Index 1959 p. 109. 
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Theoretical Prediction of Effect of 
Traction on Cornering Force, W. 
BERGMAN. Paper No. 186A. Theory, 
substantiated by tire road tests, car- 
ried out by Ford Motor Co., explains 
effect of traction on cornering force 
by using new concept of spring inter- 
action; good correlation found between 
calculated and test data; major factors 
determining effect of power applica- 
tion on cornering force established are 
reduction of overall lateral stiffness 
of tire, and reduction of effective lat- 
eral coefficient of friction; effect of 
vertical load and application of tire 
theory to evaluation of vehicle hand- 
ling. 


Experimental Determination of Ef- 
fect of Traction on Cornering Force, 
C. A. FREEMAN, Jr. Paper No. 186B. 
To substantiate calculation methods 
for predicting these effects, experi- 
mental determination of traction force- 
cornering relationship was required; 
details of practical track test pro- 
cedure, instrumentation developed and 
tests conducted at Ford Motor Co.; 
measurements required relate to tire 
slip angle, lateral tire force, axle to 
frame force of right and left side, 
towline tension and angle, and car 
speed; schematic of lateral tire force 
wheel. 


Tread Wear Operating Variables and 
Index Determination, J. L. GINN, R. 
L. MARLOWE, R. F. MILLER. Paper 
No. 186C. Approach used by B. F. 


Goodrich Co. Research Center in tire 
testing program to predict how new 
tread compound or construction will 
affect tread life of tires in hands of 
customers; discussion is devoted to 
study of tread wear resulting from 


“pure” severities; vehicle was operated 
at low speeds straight ahead for low 
values and under severe cornering for 
high values; individual effect of some 
of operating variables. 


Mechanics of Tire Squeal, R. F. 
MILLER, J. G. SLABY. Paper No. 
186D. Reductions in squeal were made 
by changes in tread profile, tread com- 
pound, and changes in load distribu- 
tion; results of studies made by B. F. 
Goodrich Co. Research Center, to ob- 
tain more information about move- 
ments in contact which give rise to 
squeal-producing vibrations; experi- 
mental techniques used; it is shown 
how squeal accompanies sliding in lat- 
eral recovery portion of cornering con- 
tact; presence of buckled region in 
cornering and its relation to squeal. 


European Approach to _ Braking 
Standards, C. W. JACKMAN. Paper 
No. 184C. Scope of work of Economic 
Commission for Europe and contribu- 
tions made toward international co- 
operation in road transport and stand- 
ardization of safety devices; brake 
equipment is divided into single line, 
direct and indirect, single line indirect 
with added supply line, and American 
2-line system; other brake develop- 


ments; hydraulic and servo systems, 
disk brakes, passenger car brake re- 
quirements, exhaust brakes and trans- 
mission fitted retarders; main features 
of proposals for braking regulations. 


Should Engine or Engineer Get Last 
5 Horsepower?, M. F. STERNER. 
Paper No. 199A. Problems brought out 
by upgrading engine horsepower in 
favor of customer’s satisfaction vs. best 
engineering design; advantages and 
disadvantages in meeting each of these 
objectives. 


Forecasting Specific Fuel Economy, 
P. M. CLAYTON. Paper No. 199B. 
Approach taken by Ford Motor Co. con- 
sists of determining vehicle power re- 
quired at flywheel and adding com- 
puted friction to obtain indicated 
horsepower vs. engine speed; indicated 
specific fuel economy is then deter- 
mined which, when combined with in- 
dicated horsepower, vehicle velocity, 
and fuel density, yields miles per gal- 
lon; problem of method used to obtain 
engine friction and indicated specific 
fuel economy; details of solution. 


International Model 817 High Out- 
put Diesel Engine, D. J. BUNDY, E. H. 
STROMBERG. Paper No. 198A Fea- 
tures of turbocharged, open chamber, 
direct injection, 4-stroke cycle diesel 
engine, developed to meet construction 
equipment requirements; 6-cyl in-line 
configuration has 53¢-in. bore and 6- 

continued on p. 118 





for your ring requirements 


walt: 


Largest producer of small rings in the industry........-. 





; a tae 





Ps 
oe 





SAE PAPERS 


continued from p. 117 


in. stroke, resulting in total displace- 
ment of 817 cu in.; crankshaft of 
C-1046 steel forging with BHN of 248- 
285 is mounted in seven bearings; pis- 
ton is aluminum casting: crankcase 
design, gear train, fuel system, cooling 
and lubricating oil system: perform- 
ance data. 


Problem Associated with Windscreen 
Wiping, J. S. CLARKE, R. R. LUMLEY. 
Paper No. 197A. Problem of aerody- 
namic effect of wind forces on wiper 
blade arising with increasing speeds 
and advent of wrap-around wind- 
shields; results of water tunnel tests 
on scale models of vehicles and flow 
patterns observed; aerodynamic tests 
in rectangular duct which simulates 
air flow conditions over surface of 
windshield forms useful technique for 
comparing performance of various 
blade forms; materials; torque require- 
ments and three suitable transmission 
types; motor and gear box 


Computer Simulation of Automotive 
Fue! Economy and Acceleration, R. K. 
LOUDEN, I. LUKEY. Paper No. 196A. 
Applications of vehicle simulation pro- 
grams at Buick Motor Div.; paper re- 
ports development of mathematical 
model which could accurately predict 
acceleration and economy; method of 
analysis used and equation develop- 
ment for two cases; technique for com- 
puting automobile highway fuel con- 
sumption consists of four steps which 
are outlined: instrumentation for road 
test data. 


Computer Predicts Car Acceleration, 
H. L. SETZ. Paper No. 196B. Ap- 
proach used at Ford Motor Co., to ob- 
tain desired characteristics for acceler- 
ation performance and development of 
fundamental relationships; differential 
equations defining translatory motion 
of passenger car; graphical description 
of method employed to evaluate in- 
tegrals expressed; evaluation of per- 
formance equations; computer solution 
techniques; performance prediction 
system applications; data processing 
flow chart and computer output tabu- 
lation; prediction system accuracy and 
cost data. 


How Textiles Increase Your Horse- 
power, R. T. CHATHAM, Jr. Paper No. 
193A. In automobile upholstery field 
there are three types of fabrics used: 
piece, yarn, and solution-dyed, each of 
which has certain advantages; develop- 
ment of new fabrics and designs, such 


as Nylon, rayon, acetate, wool and cot- 
ton; requirements which automobile 
fabrics must meet with respect to 
crocking, shade, dye stability, fading, 
abrasive testing, and seam strength. 


Development of Cylinder Water Seal 
to Prevent Diesel Engine Crankcase 
Cavitation Erosion, A. B. NEILD, Jr. 
Paper No. 191A Failures of several 
crankcase designs studied at U. S. Naval 
Eng. Experiment Station; test pro- 
cedure involving use of soft test plugs 
for rapid evaluation of possible cor- 
rective measures required for 600-hp 
aluminum crankcase; development of 
special cylinder liner water seal, with 
seal bands of different Paracril BLT 
compounds; seal strength was ade- 
quate for at least 3000-hr engine op- 
erational periods. 


Fuel Injection and Postive Ignition 
— Basis for Improved Efficiency and 
Economy, C. W. DAVIS, E. M. BAR- 
BER, E. MITCHELL. Paper No. 190A. 
Combustion process for reciprocating 
engines, developed by Texaco Research 
Center, uses coordinated arrangement 
of fuel injection, positive ignition and 
air swirl; high thermodynamic effi- 
ciency and operating economy are 
achieved through ability to burn lean 
mixtures and use broad boiling range 
fuels having no octane or cetane re- 
quirements; method of operation, de- 
sign requirements and performance of 
experimental 2- and 4-stroke-cycle en- 
gines. 





Advanced Automotive Gas Turbine 
Engine Concept, I. M. SWATMAN, D 
A. MALOHN. Paper No. 187A. Phi- 
losophy applied by Ford Motor Co. in 
developing gas turbine for heavy trucks 
centered around search of different 
cycles; component efficiencies used in 
cycle analyses and cycles investigated; 
cycle comparison and part-load inves- 
tigation; near constant-speed feature 
of h-p spool combined with almost 
constant reheat-burner temperature 
and varying air-flow characteristics of 
l-p spool produced excellent part-load 
fuel economy in cycle n 11; engine 
using this cycle is under development. 


Film Vaporization Combustor, A. W. 
HUSSMANN, G. W. MAYBACH. Paper 
No. 187B. Concept of film vaporiza- 
tion which led to invention of M-sys- 
tem for diesel engines; study carried 
out at Pennsylvania State Univ. to ap- 
ply same principle to gas turbine com- 
bustors; following elements were re- 
tained: fuel is spread as film on wall 
of “vaporizer tube’; primary air flow 
through tube with vigorous swirl; walls 
are kept relatively cool and heat of 
evaporation is taken from combustion 
itself by means of recirculating com- 
bustion products in core of air swirl; 
design of prototype. 


Tire Branding and Inventory Con- 
trol, R. KUPP. Paper No. 200C. 
Method used at Consolidated Freight- 
ways Corp., Avon Lake, Ohio, operat- 
ing fleet of trucks and trailers; control 


of line tire inventory commences with 
branding of each tire into service; roll- 
ing stock of tires is constant with type 
and number of line vehicles in service; 
physical count is made only of spare 
or service stocks and tires being proc- 
essed through tire reconditioning 
shops; forms and records used; trailer 
interchange practices as set up by Nat. 
Equipment Interchange Committee. 


Motions of Skidding Automobiles, 
H. S. RADT, Jr., W. E. MILLIKEN, 
Jr. Paper No. 205A. Program, carried 
out by Cornell Aeronautical Laboratory 
shows that simple analysis of lateral 
skidding of automobile is practical, 
that mathematical model will predict 
experimentally verifiable skidding 
characteristics and may be used for 
either simulation or calculation pur- 
poses; with usual assumptions for sep- 
arating lateral (handling) behavior 
from longitudinal (ride) behavior, it is 
possible to write equations of motion 
of automobile; computer solutions are 
discussed. 


Cures for Powerplant Bending Noise 
Problems, R. H. BOLLINGER, J. H. 
RUHL. Paper No. 203A. Powerplant 
bending is oscillatory bending or 
“beaming” of structure formed by en- 
gine block, clutch housing, transmis- 
sion, and transmision-extension, oc- 
curring in vertical plane of vehicles 
equipped with conventional Hotchkiss 
or torque tube drivelines; study carried 
out by Ford Motor Co. to identify noise 


problems shows that they can be cured 
by modifying one or more of following: 
vibration input, drivetrain structure 
and mounting, and body (or chassis). 


How to Keep Small Fleet Sparkling, 
R. L. FISKE. Paper No. 204A. Re- 
quirements of cleaning compound and 
light washing equipment and devices 
designed to apply compounds most ef- 
ficiently; model 226-092 “500” Hydra- 
Clean, developed by Oakite Products, 
and wash-all power-spray, foam unit; 
recommended procedure. 


Are You “Married” to Right Vehicle 
Washer?, M. LEWIS, S. MINDLIN. 
Paper No. 204B. Paper deals with wash 
rack equipment of type where vehicle 
is stationary and equipment itself 
moves to facilitate washing of vehicles; 
four basic types are described: in- 
verted “U” type with 2 lines of plumb- 
ing and with 1 line of plumbing; in- 
verted “L” or wand type and square 
frame that travels vertically; advan- 
tages and disadvantages of rinser type 
wash equipment. 


Choosing Equipment for Large Wash 
Rack Installation, C. P. ROSS, R. W. 
BURRILL. Paper No. 204C. Basic 
vehicle cleaning methods, and how 
they are used on large vehicles and on 
heavy production basis; factors to con- 
sider in selecting washing methods and 
type of equipment, such as determining 
sizes, shapes and number of vehicles 

continued on p. 123 
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EXCLUSIVE!...PHOSALLOY 


McQuay-Norris electric furnace PHOSALLOY— 
a superior metal—gives rings unusual toughnesSy. 
tension-retaining qualities, longer life. 


WHEN YOU NEED RINGS.... 


GIVE US A CALL. We offer the finest standard 

of quality in the industry. Our engineers— fully 
experienced in design, metallurgy and ™ aia 
production—have helped others all @imag. tha 

line. They would like to help you. 


McQUAY-NORRIS MANUFACTURING CO->~ 
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OIL SEALS 


In Design 
Engineering 








Proper choice of oil seal O.D. material assures longer, more 


positive bearing protection. 





Steel O.D. or Rubber O.D. Oil Seals? 
Careful selection will assure proper 
performance on your application. 


Rubber should be used only for soft 
housing materials such as zinc, magne- 
sium or aluminum. In a molding proc- 
ess, rubber is shaped and sized by heat 
and pressure. These same factors exist 
when a seal with a rubber O.D. is 
applied in a steel housing . . . pressure 
is created by the normal press fit of the 
seal, heat by the location of the seal in 
the unit. Under these near-perfect 
molding conditions, the rubber O.D. 
seal re-forms to bore size, thus causing 
leakage at the bore. 


Steel, on the other hand, should not be 
used in a housing made of soft material. 
In this case, the harder steel would 
tend to reshape the softer housing, 
causing a variety of problems. 


In seals with both rubber and steel O.D.s, 
Garlock offers a complete line of high- 
quality KLOZURE* Oil Seals. They do a 
complete job of protecting bearings, 
sealing in vital lubrication, sealing out 
harmful dirt and foreign matter. Dur- 
ing design, contact your Garlock 
representative for his recommendation 
on the best seal for your application. 
It costs no more to get his suggestions 
on the type of O.D., the seal material 
itself, the type of spring, and whether 
to use an assembled or bonded seal. 
Then, too, a new stocking program 
assures prompt delivery of KLOZURE 
Oil Seals when and where you need 
them. You can draw from over 2300 
stock seals available from 180 national 
outlets, including one near you. 


Find out more by calling the nearest of 
Garlock’s 26 sales offices and ware- 
houses throughout the U.S. and Can- 
ada. Or, write for KLOZURE Catalog 30. 
Garlock Inc., Palmyra, N.Y. 


GARLOC K 
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Canadian Div.: Garlock of Canada Ltd. 


Order from the Garlock 2,000... two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products 


*Registered Trademark 
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Research and Development at Work 
Electricity—springing to life in stop lights all over America as MIDLAND “ROSS oon 
\aan/ 


Midland brake systems bring the nation’s trucks, buses and 


LAY i) 
CORPORATION = Sauce 
passenger cars to swift, sure stops. Signaling top braking per- 


formance as the result of continuous research and development. OWOSSO DIVISION § yy f a OWOSSO, MICHIGAN 
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RARE SAND PROVES BEARING DESIGN 
in new 100,000-mile test! 


[he automotive shaft bearing above has just completed the 
equivalent of 100,000 miles of dusty backroads travel. For 
hours, it’s been alternately spun and stopped in this special 
mud... mud composed principally of a rare type of Arizona 
sand, so fine it penetrates almost anywhere water can go. 


Che particles of this unique sand are so small that, mixed with 
even filtering won’t remove them all. They’re highly 
abrasive, so much so that bearing failure quickly occurs 
whenever particles penetrate into a be: iring raceway. Though 
several score of spin-and-rest cycles in this bath are equal to 
100,000 miles of heavy-duty use on the road, the BCA bear- 
ings tested on this machine consistently stand up under many 


water, 


too 


more cycles, before failure from sand penetration 


BEARINGS COMPANY 
OF AMERICA 
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This test is typical of the many being conducted in BCA’s 
new testing laboratories for BCA customers. Here, and in the 
expanded research laboratories, testing of bearings to exceed 
customer specifications is a daily occurrence. Often test 
equipment is specially built to exactly duplicate equipment in 
the customer’s plant. 


BCA provides a wide range of ball bearing sizes and types 
for nearly every kind of industry. This, plus extensive new 
testing, and precision production facilities make 


— ey 


research, 
BCA a dependable source of long-life bearings 
For information, write Bearings ¢ ompany of 
America, Division of Federal- Mogul- Bower Bear- 
ings, Inc., Lancaster, Pennsylvania. — 
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BEARINGS, INC. 
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to be washed; location of rack, water 
drainage and electric supply, types of 
equipment available for washing and 
drying, how equipment operates, ap- 
proximate cost of each, hourly produc- 
tion and limitations and advantages. 


Tempering 





Steel 
Carburizing 


Forging 


Cast Iron 


Influence of Tires and Their Vari- 
ables on Passenger Car Skidding, A. 
H. EASTON. Paper No. 205B. Paper 
represents summary of highlights of 
First International Skid Prevention 
Conference held in Sept. of 1958 and 
discusses various papers presented un- 
der following headings: effect of tread 
design, of carcass construction and tire 
size, tread composition, and effect of 
load, inflation and speed. 





Sintering 
DETROIT 10, MICHIGAN 


Stainless 


Brass 
Brazing 


Carbon-Restoration 





Recent Developments In Cam De- 
sign, J. H. NOURSE, R. C. DENNIS, 
W. M. WOOD. Paper No. 202A. An- 
alytic method for automotive engine 
cam design wherein design procedures 
for considering elastic deflections in 
valve train are extended to include 
problems of maximizing breathing ef- 
ficiency; cam design goals and limita- 
tions and five interdependent variables 
involved; summary of polydyne method 
for cam design; be means of flow chart, 
perspective of mathematical steps in- 
volved is given; computer work; how 
desired boundary conditions in optimal 
cam profile design solution are 
achieved. 


Malleable 
Annealing 
Normallizing 


Working With These Materials: 
Aluminum 


For Any of These Processes: 
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Engine Mountings — Automotive 
Workhorses, G. KLAASEN. Paper No. 
203B. Examination of methods which 
can be used to best qualify engine 
mountings for their role involve mount- 
ing locations, dynamic stiffness of 
mounting in three directions and 
damping of mounting; factors to be 
considered, such as effect of frequency 
on location of engine bending nodes, 
effect of damping on vibration trans- 
mission, undesirable characteristics of 
conventional rubber mountings, etc. 


* ELECTRIC 
ROTARY 
SHAKER HEARTH 
WALKING BEAM 
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From 4 Plies to Single Ply in Steel- 
Cord Casing Tires, M. P. BAUMONT. 
Paper No. 200A. Problem of tire tem- 
perature, especially for Giant truck 
tires used on long hauls; research work 
done at Michelin, Clermont-Ferrand, 
France, in developing X-tire or Radial 
ply steel-cord casing tire; details of 
steel-cord technique applied; advan- 
tages include increased load carrying 
capacity and running speeds; increase 
in tread life and excellent “road-be- 
havior” of vehicle and tire grip even 
on snow and ice. 


Equipment 


of any of these types 
CONVEYOR 


Production 
Heat Creating 


GAS 
CAR TYPE 
ROLLER TYPE 
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call for 


WHEELS 
ia 
i. 


call 


ELECTRIC 


for the quick answers and efficient 
service our over 100 years of agri- 
cultural and industrial wheel ex- 
perience brings you. 


Your every agricultural or industrial 
wheel requirement can be served by 
Electric Wheel. With able, experienced 
sales engineers who come equipped to 
help you with production schedules, prices 
cal cost-cutting recommendations on the 
job, plan-to-production becomes fast and 
efficient. And it’s backed by our ideal 
midwest location as well as the high quality 
and low cost capacities offered in the finest 
automated manufacturing and test facili- 
ties. Call or write today for the exact disc or 
spoke-type wheel (steel or rubber-tired), 
rim, hub, axle or component part you're 
looking for. What we sell is quality and 


service. 


WHEEL COMPANY 


Write to Department 5-5 
1120 N. 28th St., Quincy, Iilinois 
BAIidwin 2-5320 
Division of The Firestone Tire & Rubber Co 
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Cord Fatigue in Fleet Tested Tires, 
W. G. KLEIN, M. M. PLATT, W. J. 
HAMBURGER. Paper No. 200B. Prog- 
ress report on nature of cord fatigue, 
carried out by Fabric Research Labora- 
tories, Dedham, Mass.; study deals 
with properties of cords and filaments 
removed from tires run on New York 
taxi fleet; emphasis was on Tyrex vis- 
cose cord, but nylon was included; re- 
sults indicate that there is initial loss 
of cord strength of 10-15% within 
first 20,000 mi., followed by period of 
gradually diminishing strength; while 
there is trend for small loss in fiber 
strength with mileage, it is not correla- 
tive with cord strength losses. 


Aluminum Castings for Passenger- 
Car Engines— Comparison between 
USA and Europe, A. F. BAUER. Paper 
No. $258. Describes use of aluminum 
in passenger-car engines, both here 
and abroad, with emphasis on die-cast 
engine blocks, use of cast-in gray iron 
liners, hypereutectic Al-Si alloys, plas- 
tic bonding of aluminum castings, 
transplant coated cylinder barrel. 


Rotating Combustion Engine, R. T. 
HURLEY. Paper No. 8236. Back- 
ground and history of rotating engine; 
German Wankel engine principle, and 
NSU-Wankel experimental engines; 
thermodynamic and gas cycle and per- 
formance of engine; nine experimental 
engines of single rotor type with 60 
cu in. displacement, built by Curtiss- 
Wright Corp. having license and en- 
gineering assistance agreement with 
NSU and Wankel; engine components 
and cycle sequence; features include 
elimination of valve difficulties, free- 
dom from vibration, simplicity, small 
size and high efficiency. 


FUELS & LUBRICANTS 


Laboratory and Field Findings Per- 
taining to Axle Lubricants, W. A. 
JOHNSON. Paper No. 192A. Field 
experience gained at Rockwell-Stand- 
ard Corp. shows that SAE-140 viscosity 
lubricant is far superior to SAE-90 in 
preventing gear wear; other lubricant 
factor which merits attention involves 
load carrying ability of lubricant; 
transmision recommendations gener- 
ally specify SAE-90 viscosity and ab- 
sence of load carying additives; it is 
suggested that lubrication requirements 
and recommendations for transmisions 
are different from those for rear axles. 


Report on Transmision Lubricant 
Requirements, R. E. FLETCHER. 
Paper No. 192B. Lubricant require- 
ments of truck and bus transmissions; 






rns ere 


based on present lubricants, it is 
thought that common transmission and 
rear axle lubricant do not constitute 
best lubricant; results obtained in lab- 
oratory tests made with three SAE 90 
Hypoid gear lubes, three MIL-L-2105 
or MIL-L-2105B multi-purpose gear 
lubes, and three SAE 50 heavy duty en- 
gine oils; effort should be made to de- 
velop common transmission and en- 
gine lubricant rather than transmis- 
sion and axle lubricant. 


Comparison of Axle and Transmis- 
sion Lubricant Requirements, R. K. 
NELSON, L. J. VALENTINE. Paper 
No. 192C. Paper compares require- 
ments for motor truck transmissions 
and rear axles in relation to opera- 
tional standards; major factors are 
load carrying requirements, operation 
temperatures, rolling and sliding ve- 
locities, and lubricant properties; com- 
parison shows distinct variations and 
Similarities; it is in regard to load 
carrying ability that further study is 
important in developing lubricants 
compatible for transmission and rear 
axle operations. 


Practicality of Common Transmis- 
sion and Axle Lubricant, S. R. CALISH. 
Paper No. 192D. Common lubricant 
was used for transmissions and axles 
of heavy duty equipment since 1947 
and optimum! base oil-additive com- 
bination was selected based on exten- 
sive laboratory and field tests; latest 
military specification requirements em- 
phasize antiscore protection at expense 
of other desirable qualities; extent of 
successful field experience is statisti- 
cally substantiated; paper represents 
view point expressed by California Re- 
search Corp. 


Friction of Transmission Clutch Ma- 
terials as Affected by Fluids, Additives, 
and Oxidation, J. J. Rodgers, M. L. 
HAVILAND. Paper No. 194A. Study 
made at General Motors Research 
Laboratories to investigate relation- 
ship between friction and automatic 
transmission operation; fluids, fluid 
oxidation, additives, and clutch plate 
materials were investigated; it is found 
that both fluids and additives have ap- 
preciable effect on friction character- 
istics; with respect to clutch plate ma- 
terials, differences in friction charac- 
teristics were observed. 


Radioactive Tracer Study of Lubri- 
cating Oil Consumption, E. 8S. STARK- 
MAN. Paper No. 194B. Reciprocating 
engine lubricating oil consumption 
usually is determined by differential 
method of measurement; tritium 
tracer-scintillation counter technique 
was used by Univ. of Calif. to tag oil 
and to count activity of exit routes by 
which oil or its degradation products 
leaves engine; theory for abnormal 
oil consumption shows relationship be- 
tween consumption and engine speed 
and load. 

continued on p. 126 
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BODY MOUNTS of Enjay Buty] offer the highest degree of 
vibration and sound isolation of any rubber on the market. 
Result? Cars that stay tight and quiet for years. 
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road impact. Result? Elimination of shock-damaged engines 
“shiver” during idling...and reduced 





... decreased car 
engine rumble. 


From sound-deadening body 
mounts underneath...to element- 
defying weather stripping outside 
— Enjay Butyl Rubber gives car 
manufacturers still more reason 
to say their new models are the 
best ever. Today, all American car 
manufacturers are using Butyl. 
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ENJAY BUTYL 


still leading the performance parade in over 100 uses 


Today, they are finding ever so 
many ways to use this amazingly 
versatile rubber in their products. 
Butyl can improve your product, 
too. Contact the nearest Enjay 
office. Home Office: 15 West 51st 
Street, New York 19, New York. 
Other Offices: Akron* Boston 


EXCITING NEW PRODUCTS THROUGH PETRO 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 





IN RUBBER 
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WEATHER STRIPPING of Butyl resists deterioration. 
Resists such enemies as: ozone; sunlight; water; and aging. 
Result? Better performance and durability. 
Sermons: 
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RADIATOR HOSE of Enjay Buty! holds off deterioration 
from heat, rust inhibitors, anti-freeze and other chemicals. 
Keeps its shape and resiliency for years. 


Charlotte + Detroit + Houston 
Los Angeles* New Orleans 
Plainfield, N. J. * Tulsa 


CHEMISTRY 








PARE IE LD?! 


EAR PERFORMANCE to match the ever-increasing 

power and speed of modern machines is a Fairfield 
specialty. This is possible because Fairfield has long held 
a position of leadership in utilizing the most advanced 
methods, equipment, and techniques for producing better 
gears. By keeping apace with modern engineering trends, 
Fairfield renders an invaluable service to many of the 
nation’s leading machinery builders. 


If yeu have a gear problem, check with Fairfield. Our 
engineers are well-qualified to give you expert recommen- 


dations. CALL OR WRITE. 


SPUR GEARS — Straight, helical, and 
internal. Sizes from 16 pitch, 1/2” 
dia., to 1% pitch, 36” dia. 


HERRINGBONE—(Fellows Type). Sizes 
from 112" to 15” 


SPIRAL BEVEL—Sizes from 16 pitch, 
1%" dia., to 1% pitch, 28” dia. 


STRAIGHT BEVEL—Sizes from 16 pitch, 
1%" dia., to 1% pitch, 28” dia. 


HYPOID—Sizes from 1/2” to 28" dia. 


FAIRFIELD 
MANUFACTURING CO., INC. 


2327 S. Concord Rd. 


ZEROL—Sizes from 16 pitch, 114” dia., 
to 1% pitch, 21” dia. 


WORMS AND WORM GEARS—Worms 
to 7” dia. Worm gears to 36” dia. 


SPLINED SHAFTS — Lengths to 72”. 


DIFFERENTIALS — 3,000 to 500,000 
inch pounds capacity. 


Note: All of the sizes above 
are approximate. 


Lafayette, Indiana 


TELEPHONE: 2-7353 é 









Ask for interesting, 
illustrated bulletin. 


>" IRFIELD | 
a : 
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Metallic Tracer Method for Deter- 
mining Lubricant in Engine Exhaust, 
F. R. BRYAN, J. C. NEERMAN, J. E. 
HINSCH. Paper No. 194C. Method, 
applied at Ford Motor Co., consists of 
tracing lubricant additive through en- 
gine and detecting it quantitatively in 
exhaust by using alkali metal as tracer 
and flame photometry as means of de- 
tection; flame excitation of exhaust 
sample provides sufficient sensitivity 
of detection and rate of lubricant loss 
can be instantaneously recorded; using 
sodium, time lag was 2 sec. 


Consideration of Deposit Ignition 
Mechanism, R. W. BOWDITCH, T. C. 
YU. Paper No. 201A. Deposit and hot 
spot ignition resistances of fuels were 
measured and compared at General 
Motors Research Laboratories; igni- 
tion resistances are found to be de- 
pendent upon type of surface causing 
ignition; ignition mechanism involving 
concepts of ignition temperature and 
flammability limits is proposed to ex- 
plain differences in ignition resistances 
between fuels and ignition sources; 
proposed mechanism is consistent with 
known facts on surface ignition. 


Concurrent Pyrolytic and Oxidative 
Reaction Mechanisms in Precombus- 
tion of Hydrocarbons, C. E. WELLING, 
G. C. HALL, J. S. STEPANSKI. Paper 
No. 201B. Ford Motor Co. study re- 
lates synthetic hydrocarbon products 
from motored engine with precombus- 
tion reaction such as cracking, hydro- 
gen stripping, and peroxide formation 
and decomposition; reaction paths run 
concurrently and originate from com- 
mon reactant, original free radical 
produced by abstraction of hydrogen 
atom from fuel molecule; reaction 
path may be chain mechanism that 
maintains concentration of original 
common free radical reactant. 


Unsteady Heat Transfer in Engines, 
Vv. D. OVERBYE, J. E. BENNETHUM, 
O. A. UYEHARA, P. S. MYERS. Paper 
No. 201C. Thermocouple, whose junc- 
tion is located lu below surface of com- 
bustion chamber wall of CFR engine, 
was used at Univ. Wisconsin to record 
metal surface temperature as function 
of time; data were taken deliberately 
keeping thermocouple free of deposits 
and deliberately building them up: 
first procedure gave instantaneous heat 
transfer rates permitting evaluation 
of coefficients in unsteady heat trans- 
fer; second shows that deposits from 





Gears and Differentials Made to Order for: 


TRACTORS * HEAVY DUTY TRUCKS * AGRICULTURAL MACHINERY * POWER SHOVELS AND CRANES 
MINING MACHINES * ROAD GRADERS © BUSES © STREET SWEEPERS * INDUSTRIAL LIFT TRUCKS 


different fuels have different effects on 
heat transfer. 
continued on p.129 
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Wherever in the world your heavy-duty: diesels operate... 





Shell Rimula Oil is there 


Other outstanding 
Shell Industrial Lubricants 
Shell Tellus Oils — for hydraulic systems 
Shell Talona R Oil 40—anti-wear crankcase 
oil for diesel locomotives 
Shell Alvania Grease — multi-purpose in- 
dustrial grease 
Shell Turbo Oils—for utility, industrial and 
marine turbines 
Shell Dromus Oils—soluble cutting oils for 
high-production metalworking 
Shell Macoma Oils — for extreme pressure 
industrial gear lubrication 


Shell Voluta Oils — for high-speed quench- 
‘ing with maximum stability 


Around the world, Shell Rimula 
Oil is available—under the same 
brand nameand providing the same 
efficient lubrication that your dom- 
estic customers rely upon. 
Rimula® Oil is a heavy-duty oil 
that provides the finest crankcase 
lubrication for today’s super- 
charged diesels. It has proved more 
than a match for the greatly in- 
creased engineratings, high temper- 


atures and pressures encountered 
in modern diesel operation. Rimula 
Oil successfully resists every de- 
structive force that tends to accel- 
erate engine wear. 


The next time your specifications 
call for a heavy-duty crankcase oil, 
we suggest you order Shell Rimula 
Oil. Write or call today for com- 
plete information. 


SHELL OIL COMPANY 


50 WEST 50TH STREET NEW YORK 20, N.Y. 
100 BUSH STREET SAN FRANCISCO 6, CALIFORNIA 
IN CANADA: SHELL OIL COMPANY OF CANADA, LIMITED 
505 UNIVERSITY AVENUE TORONTO 2, ONTARIO 


AN INTERESTING FACT! 


Every Shel! Branded Industrial Lubri 
cant is named for a sea shell Shown 
here is the Rimula exquisita 
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pDGnIE Stop? 
OF routine Steps? 


American Brakeblok delivers 
fop performance for both 


Scientists and researchers in American Brakeblok laboratories— 
and in the field—design automobile brake lining that serves all the needs of 
normal day-to-day driving for 99% of all motorists. 


This is lining that performs efficiently in summer heat and winter cold. 

It handles emergency stops beautifully, and provides no-fade 

performance in downtown traffic. American Brakeblok is all-around service 
lining, produced by the people who are known to make the finest 

lining you could specify. 


Ask an American Brakeblok representative to give you engineering data 
and proof of performance. Write or telephone collect. 


AP ee 
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AMERICAN BRAKEBLOK 


SAE JOURNAL, OCTOBER, 1960 








SAE JOURNAL, OCTOBER, 1960 


. LO LLPEELOLELE LEE pty yy, 
ot Vit. 


Briefs of 


[SAE PAPERS 


continued from p. 126 


End-Gas Temperature Measurement 
by Two-Wavelength Infrared Radia- 
tion Method, W. G. AGNEW. Paper 
No. 201D. Under sponsorship of CRC 
three methods of engine end-gas tem- 
perature measurement were studied at 
MIT and Univ. Wisconsin; General 
Motors Research independently carried 
out study of 2-wavelength method; de- 
tails of method and how it is applied; 
experiments with motored air and fired 
engine; advantages of method recom- 
mend it over over techniques, although 
its significant contribution appears to 
be its use as independent source of in- 
formation. 


Measurement of Unburned-Gas Tem- 
perature in Engine by Infrared Radia- 
tion Pyrometer, M. C. BURROWS, 
S. SHIMIZU, P. S. MYERS, O. A. 
UYEHARA. Paper No. 201E. Tech- 
niques developed under CRC sponsor- 
ship; sound-velocity, iodine absorp- 
tion, and infrared radiation pyrometer 
methods; details of latter; tempera- 
ture time histories obtained by other 
two instruments; pyrometer, using 
water vapor as sensing medium and 
null method of data recording, for 
measuring gas temperatures to plus or 
minus 5 R as demonstrated by steady 
flow system. 


End-Gas Temperature-Pressure His- 
tories and Their Relation to Knock, 
M. E. GLUCKSTEIN, C. WALCUTT, 
P. R. ACLES. Paper No. 201F. Meas- 
urements in CFR engine using speed 
of sound and balanced-pressure tech- 
niques; it was found that, for given 
knock-limited operating conditions, 
fuels of different octane level and type 
provided relatively constant final end- 
gas temperatures of 1840 plus or minus 
40 R; pressure values varied from 200 
to 700 psia; results show that previous 
hypotheses are not consistent with ob- 
served data. 


PRODUCTION 


Effects of Support System and Stylus 
Radius on Roughness Measurement, 
F. W. KABAT, C. H. GOOD. Paper 
No. 195A. Reference made to ASA 
Standard B46.1-1955 on Surface 
Roughness, Waviness and Lay with re- 
spect to stylus tip radius, shape, and 
shank angle; at Micrometrical Manu- 
facturing Co., Ann Arbor, Mich., tests 
were taken on Proficorder using styli 
with radii from .0001 to .250 in.; it is 
concluded that it is not fineness of 
surface which requires sharper stylus, 

continued on p. 130 
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THE ReaD CAPABILITIES 








Sage 


CAE invites your 

inquiries, and 

points to past per- 

formance as the 

best indication of 

what it can do for 
YOU. 


ux? 


BEHIND THESE PRODUCTS 
ARE OPEN TO YOU 





Si’ 


When you entrust a research and devel- 
opment project to CAE, you tap a vast 
reservoir of specialized experience—en- 
list technical knowhow of a very special 
sort. CAE’s record of accomplishment 
is typified by, but by no means limited 
to, the five units illustrated. 
Physical facilities implementing its 
skills are unsurpassed. They include 
modern-to-the-minute laboratories— 
computing, electronic, chemical, metal- 
lurgical, fuel metering, stress, and com- 
ponent testing—complete environmen- 
tal facilities—equipment amply ade- 
quate for all phases of the job. 
ae 


CAE IS ALSO EQUIPPED FOR A WIDE VARIETY OF SUB- 
CONTRACTING OPERATIONS. DETAILED INFORMATION ABOUT 
ITS PRODUCTION FACILITIES WILL BE SENT ON REQUEST. 


MSIL PU mae aa Oe 


12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 


SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 


WEST COAST SALES OFFICES: 18747 SHERMAN WAY, RESEDA, CALIFORNIA 








129 








128 










Briefs of 


SAE PAPERS 





continued from p. 129 


but other characteristic which could 
be included angle of scratches; grind- 
ing wheel grit could have smaller in- 
cluded angle. 





Roundness and its Ramifications, E. 
E. LINDBERG. Paper No. 195B. Con- 
cept of roundness as it relates to jour- 
nal, ball and roller bearings, shafts and 
bores, surfaces that run in contact 
with seals, etc.; use of iso-diametric 
surfaces; roundness measuring devices 
and techniques devised to determine 
out-of-roundnes of machine parts; 
definition for out-of-roundness has 


following advantages: when measured 
from defined center, out-of-roundness 
can be determined from circular chart, 
strip chart, or displacement indicator; 
definition is amenable to instrumenta- 
tion either manually or automatically 
operated. 





HAULING PROFITS UP 


with Rockford Spring-Loaded Clutches 


Rockford Clutch equipped trucks move 
thousands of tons of limestone per day 
in construction and quarrying work. 


Here, higher power means higher 
profits. That’s exactly what you 
get with Rockford Spring-Loaded 
Clutches positive, full-motion 
driving power with cushioned 
starts and controllability. 

These rugged clutches are also 
used on haulers, loaders, graders, 
tractors and other vehicles 


where the clutch is in constant use. 
Write today for illustrated brochure. 


ROCKFORD CLUTCH DIVISION 


316 CATHERINE ST. 
ROCKFORD, ILLINOIS 
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ROCKFORD 
SPRING-LOADED 
CLUTCH 


CLUTCHES 


BORG-WARNER 


| Export Sales 
| Borg-Warner International 
36 So. Wabash, Chicago, Ill, 
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Measurement of Surface Waviness 
of Rolling-Element Bearing Parts, O. 
GUSTAFSSON, U. RIMROTT. Paper 
No. 195C. Principle of waviness test- 
ing to evaluate irregularities of surface 
of rotation; current method of vibra- 
tion testing; correlation between wavi- 
ness and vibration; ball waviness 
tester, applied at SKF Industries, 
Philadelphia, Pa., consists of true run- 
ning spindle driven at constant speed 
of 740 rpm, velocity sensitive pickup, 
and ball seat; displacement and ve- 
locity reading instruments; waviness 
tests in determining parts responsible 
for excessive vibrations; calibration 
method. 


Measurement, Evaluation and Speci- 
fication of Surface Finish of Tubing, 
W. C. HARMON. Paper No. 195D. 
Study, carried out by Formed Steel 
Tube Inst. to find instrumentation 
capable of accurately measuring inside 
surface finish; instrument selected op- 
erates by tracing inside surface with 
diamond stylus, carried on skid with 
radius large enough to provide stable 
support unaffected by surface vari- 
ables; stylus is coupled to transducer 
which generates voltage directly pro- 
portional to vertical displacement of 
stylus; development and application 
of rotator for mechanical tracing; 
rating procedure. 


How To Improve Plant Layouts, N. 
L. SCHMEICHEL. Paper No. 189A. 
Steps involved in engineering plant re- 
vision giving emphasis to job shop con- 
ditions encountered in automotive 
parts replacement manufacture; prod- 
uct load analysis breakdown of repre- 
sentative model or type into its sub- 
assemblies and component parts to 
form basis for preparing work route 
sheet; machine load data for deter- 
mining requirements planned and ca- 
pacities available; development of 
cross charts for solving flow patterns 
and actual machine work center re- 


lationships; economic studies and 
other aspects. 
Economics of Revising Plant Lay- 


outs, J. McINTOSH. Paper No. 189B. 
Principal economic factors to consider 
when planning change in plant layout; 
procedure is illustrated by case history 
concerned with reduction of material 
handling costs derived from rearrange- 
ment of plant facilities and ware- 


housing; tables. 

e ge 
, ‘ h - whnicn eact 
ear abstract 2 000 engineering 
article from 1500 different pub- 
lications and classifies them into 
49 “fields of engineering interest.” 
To order the SAE papers digested 
here. circle the numbers in the 
Readers Information Service” blank 
on p. 6 corresponding to the num- 
bers appearing after the titles of 


the digests of the papers you want 
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Stainless Sheet...Exactly the Same 4 
Order After Order..FromA-L = ™ 


Every lot of stainless sheet will go through your 
plant with consistent good results when the stain- 
less is from Allegheny Ludlum. There will be 
none of the hidden costs that come from pro- 
duction delays due to variations. That's be- 
cause A-L stainless sheet is processed under 
strict quality control—from chemistry to 
finished gage to pickling solutions and : 
right on through the entire cycle. a ———— = 

A-L quality control extends to you, ——$—— 
the user. Our mill people make regular 
visits to check on the quality being fur- 
nished customers. You need only a phone 
call to get help in processing stainless from Allegheny Ludlum. 

Evidence of the consistent high quality of Allegheny Ludlum stain- 
less sheet is seen in polishing. Often polishing costs of A-L stainless 
sheet are half that of competitive material. Remember, all A-L finished 
stainless sheet stock is made to polishing quality standards. 

For consistent temper, tolerances, and finish in flat rolled stainless 
products, call your Allegheny Ludlum salesman, or write: Allegheny 
Ludlum Steel Corporation, Oliver Building, Pittsburgh 22, Penn- 
syluania. Address Dept. SA-10. 









ALLEGHENY ae 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
— — 718 
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Orbital Refueling Drops Weight of Space Vehicles 


ed on paper by 


S. T. DEMETRIADES 
and 


C. F. YOUNG 


Jorthrop Corp 


EHICLES for lunar or planetary 

missions can have _ significantly 
lower takeoff weight if they are re- 
fueled with upper atmosphere air. 
This system involves putting into orbit 
a satelloid whose function is to collect 
and store air for refueling space ve- 
hicles. The satelloid will overcome 


A 
PUTTAR CUUeeeLA LEP eee Ta 


drag by a plasma-jet with magneto- 
gasdynamic thrust augmentation. A 
portion of the captured air will feed 
this plasma-jet. 

To put one pound of payload into 
orbit, based on the state-of-art, the 
takeoff mass is on the order of 100 
lb. By utilizing the upper atmosphere 
air for space propulsion the saving in 
takeoff weight is enormous. Air may 
be used for propulsion as an oxidizer 
for chemical rockets, or as the reaction 
mass for nuclear powered propulsion 
engines. 

Upper atmosphere air can be col- 
lected and liquefied by a satelloid de- 


signed specifically for such purposes. 
Once such Orbital Refueling Satelloid 
is put into orbit, a thrust of about 50 
lb. is sufficient to keep it in orbit. 

This thrust may be furnished by a 
magnetogas dynamic ram jet which 
consumes a portion of the intercepted 
air. The unused portion of air col- 
lected is made available to other space 
vehicles. By utilizing nuclear power, 
the air collecting satelloid can stay up 
in orbit almost indefinitely. 


WB To Order Paper No. 230H .. . 
from which material for this article was 
drawn, see p. 6. 


Surface Temperature Variations Measured in an Operating Engine 


D. Overbye, 


3ased on paper by Yorn 
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ONE MICRON THICK 
NICKEL PLATED 


TT 


Nickel wire 
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FIG. 1— Thermocouple construction and installation. 
is insulated electrically (and thermally) from iron body by nickel 
oxide film formed on wire. Iron is drawn down on nickel wire by 
wire-drawing die. After end of resulting concentric cylinders is 
metallurgically polished, a layer of nickel is evaporated on it; thus, 
thermocouple junction is located at nickel-iron interface. Nickel 
evaporation was controlled to give one-micron-thick layer. Lower 
iron nut, together with iron and nickel wires clamped by this nut, 
form a second thermocouple. Junction of this thermocouple is lo- 
cated between wall and nut. Its output then is a measure of wall 
temperature on water side. Iron wire is common to both thermo- 
couples. 

Thermocouple records metal temperature at thermocouple junc- 
tion, which, for present purposes, is same as gas-metal interface 
temperature. 

Thermocouple was modified slightly for tests with deposits to 
permit easy, removal for cleaning and reinstallation. 
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URFACE temperature measurements 
followed by heat-transfer analyses 
were undertaken for an operating in- 
ternal-combustion engine. A thermo- 
couple (Fig. 1) whose junction was one 
micron below the surface of the com- 
bustion-chamber wall was used, to- 
gether with appropriate oscillographic 
equipment, to give recordings of the 
combustion-chamber metal surface 
temperature as a function of time. Data 
were taken in two ways — deliberately 
keeping the thermocouple free of de- 
posits and deliberately building up de- 
posits over the thermocouple. 

The first procedure, plus suitable 
mathematical analysis, gave instan- 
taneous heat-transfer rates through 
the gas-metal interface. This permit- 
ted evaluation of heat-transfer coef- 
ficients in unsteady heat transfer. The 
data and analysis suggest that the 
concept of the heat-transfer coefficient 
h is of questionable utility and validity 
in unsteady heat transfer. 

The second procedure showed that 
deposits from different fuels have 
markedly different effects on heat 
transfer and heat-transfer rates. 


Tests without Deposits 

The purpose of these tests was to 
measure the surface temperature 
variation at three locations in a CFR 
engine without deposits, and to de- 
termine the effect of operating condi- 
tions on wall temperature variation. 
The data were used to determine heat- 
transfer rates through the combustion- 
chamber wall surface, and an attempt 

continued on p. 134 
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Want to Convert Rotary 
Motion into Linear’? 







EATON 
OVERRUNNING 
BALL-SCREW 


may be your answer 


SOME 
POSSIBLE APPLICATIONS 


The Eaton Overrunning Ball-Screw is a simple, versa- 
tile mechanism that converts rotary motion into linear. 


In such basic applications as actuators for opening , , 
; ie . : Window Lifts 
doors and windows, and positioners of various kinds 


: : . Seat Actuators 
this device offers the designer many advantages: 


Trunk lid lifts 


@ Nut stops at end of travel, and overruns without Die table positioners 


jamming Door controls 


Convertible top lifts 
@ No limit switches or anti-stall devices are required 7 : 
Chair Adjusters 


@ High mechanical efficiencies reduce power requirement Speed control devices 


Mechanical toys 


@ Can be installed in inaccessible or sealed-in locations , . 
Business machines 
for remote control operation 
Surgical and hospital 


@ Permits compact, space-saving assemblies equipment 


The Eaton Overrunning Ball-Screw may be adapted to 


an almost endless number of applications. Send for 


illustrated descriptive literature. 


—————— SAGINAW DIVISION ———————_- 
fe hy MANUFACTURING COMPANY 
9771 FRENCH ROAD + DETROIT 13, MICHIGAN 
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Surface Temperature Variations Measured in an Operating Engine 


. continued from p. 132 


was made to correlate heat transfer 
with operating parameters. Several 
conclusions may be made from the re- 
sulting data: 

1. The temperature of the combus- 
tion-chamber wall surface varies in 


minimum temperature level and tem- 
perature swing with operating condi- 
tions and also location in the com- 
bustion chamber. 


Orientation of the 





-e»FOR MEDIUM AND HIGH H.P. ENGINES 


350 H.P. CAPACITY PLUS 
New internal design features includ- 
ing special surface treatment of alu- 
minum housing permits this high H.P. 
output 


EASIER STARTING 


A newly designed compound leverage 
system provides high sensitivity with- 
out increasing size of diaphragm 
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shrouded intake valve affects flame 
patterns, which in turn affects the 
rate of wall temperature response and 
the time in the cycle at which the wall 
temperature rise occurs. 

2. The maximum heat-transfer 
rates in unsteady heat transfer may 
differ by as much as a factor of 20 
when compared with the steady-state 
values, that is, the amount of heat ac- 


350 H. P. 
M-5 
CONVERTER 


ONLY 6 INCH IN DIAMETER 


New space saving advantages. The 
M-5 is the smallest size converter of 
this capacity available 


«K MANY MORE NEW 
FEATURES... WRITE 
FOR COMPLETE 
DETAILS TODAY 


CENTURY GAS EQUIPMENT 
Marvel-Schebler Products Div 


Tele eee ee le lee Lely 


Decatur, Illinois 






tually reaching the cooling water per 
unit time. This clearly indicates that 
considerable heat is transferred from 
the gases to the wall during combus- 
tion and expansion and then trans- 
ferred back to the gases during intake 
and compression. The steady-state 
rates vary with location in the com- 
bustion chamber, and this affects the 
instantaneous heat transfer during the 
cycle. 

3. The heat-transfer coefficient con- 
cept offers many problems and the 
correlation of Eichelberg' does not 
agree with experimental results found 
in this study for either a fired or mo- 
tored engine. This may be due to the 
fact that the data used by Ejichelberg 
were obtained in a diesel engine with 
thermocouples located beneath the 
combustion-chamber surface, whereas 
data in this study were obtained with 
a surface thermocouple in a spark- 
ignition engine. 

4. A theoretical analysis (given in the 
appendix of the complete paper) sug- 
gests a correlation for heat transfer 
in a mounted engine, which gave quite 
good results when applied to experi- 
mental data. However, the correlating 
equation? could not be reduced to a 
heat-transfer coefficient equation, 
which tends to confirm reservations 
concerning the use of the concept of h. 
Also, the effect of turbulence on heat 
transfer could not be accounted for in 
a single correlation with the experi- 
mental data available. This is to be 
expected since the correlation did not 
involve turbulence as a variable. 

5. A theoretical analysis including 
chemical reaction could not be com- 
pleted because of nonlinearities and 
complexities of the defining equations. 

6. Although Eichelberg’s equation’ 
does not agree with the experimental 
data of this study, it is a simple ex- 
pression, and it is an attempt to ac- 
count for three factors important to 
heat transfer in an engine, that is (1) 
turbulence, (2) gas density, and (3) 
gas-temperature, wall-temperature dif- 
ferences. The present study did not 
produce a more satisfactory correla- 
tion for heat transfer in a fired engine, 
and our present state of knowledge in 
this area must be regarded as unsatis- 
factory. 


Tests with Deposits 


The purpose of these tests was to 
measure deposit-wall interface tem- 
perature variations at two locations in 


continued on p. 138 


i‘h= 


0564 v/ VeoVPT 9, where h= instanta- 
neous heat transfer coefficient, Btu/ft*?-hr-f 
V.=mean piston velocity, fps; P= gas pressure 


psia; Tg= gas temperature, deg R. 
* See equation 4 of complete paper 
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STRONGEST RIMS * FOR LOWERING FIELD COSTS! 


THOUSANDS OF HOURS OF STRESS & FIELD TESTS PROVE FIRESTONE EARTHMOVER RIMS BEAT BREAKAGE 


Firestone Perma-Tite rims are proved the world’s strongest! Designed for uniform strength distribution, they have no high stress 
points to cause failures. Their Perma-Tite design insures a permanent air seal—the greater the pressure. the tighter the seal. Fusion 
welding in Firestone’s exclusive, balanced weld design gives equal penetration for maximum strength. They're protected against 
corrosion and are interchangeable with all earthmover rims and parts. For any information or aid in adapting Firestone Perma-Tite 
rims to present or new equipment, write, wire or call Firestone Technic-Service, Dept. 30-5, Firestone Steel Products Co., Akron 1, Ohio. 


Fires tone STEEL PRODUCTS COMPANY 
e AKRON |, OHIO / INTEGRITY, QUALITY, ACCURACY, DEPENDABILITY 


Fireston Dermafite Rims 
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Power output of Richfield Oil 
Corporation’s 2 cycle natural gas 
compressors has been economi- 
cally increased 30-40 per cent by 


the AiResearch multiple turbo- 


charger system ... utilizing exist- 
ing compressors, personnel and 
plant size. 

At the same time, during the 
three years in which turbocharged 
units have been in operation, 


bad 
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Turbocharging has increased output by 9000 hp on 42 
existing compressor installations of the Richfield Oil 
Corporation, such as this one near Bakersfield, California 


unscheduled down time and main- 
tenance have been at a minimum. 

In addition to long service 
life, the turbochargers in the 
AiResearch multiple system are 
smaller, easier to handle and less 
expensive to maintain or replace 
than a large turbocharger of a 
single unit system. 

These rugged turbochargers 
have also accumulated many years 


CORPORATION 


of proven trouble-free operation 
in a wide variety of the most 
demanding vehicular applica- 
tions. Extremely simple in design 
and requiring no separate cooling 
system, they are another example 
of AiResearch leadership in the 
development and production of 
air-cooled turbochargers and 
turbocharger controls for all 
major engine applications. 


Your inquiries are invited. 


AiResearch Industrial Division 


9225 South Aviation Blud., Los Angeles 45, California 


DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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BEARING 


One in a series of technical reports by Bower 


ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 


These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 
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roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
Carrying Capacity, a most important 
bearing requirement. 

Under actual operating conditions, 


Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 
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Bower engineers are always available, 
should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 


B OWE Fe ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 








Surface 
Temperature 

s * 
Variations 

. continued from p. 134 

a CFR engine with deposits. The data 
obtained were used in two ways; first, 
in an empirical analysis using the 
slope and maximum-minimum cycle 


temperatures to compare the deposits 
formed by various types of fuels, and 


second, in a theoretical analysis to 
determine the thermal properties of 
the deposits, the gas-deposit interface 
temperature variations, and the in- 
stantaneous heat transfer at the de- 
posit surface. Several conclusions may 
be made from the results: 


1. The surface thermocouple pro- 
vides a simple and effective method 
with which the influence of deposits on 
heat transfer can be determined at 
particular locations in the cylinder in 
relatively short times. 


2. The thermal characteristics of the 
deposits and their resulting effect on 


INVITE 


you 


TO BE 


SKEPTICAL 





Charge components of the ferrous alloys we cast are measured 


frequently in split ounces 


Molding sand is tested for properties every 


hour. Each heat, from each of the 6 electric furnaces, is laboratory tested 
— certain checks are made even before pouring is permitted 


Process control rigidly checks 
raw materials through final ins 


tightest specifications — metallu 


ection, assuring 


! 
gical, 


every step of production from receipt of 
strict adherence to the 
physical and dimensional 


Samples representative of every heat are subjected to chemical analy- 
sis. Castings for unusually critical applications often require specialized 
tests — partial or 100% X-ray inspection, ultra-sonic testing for internal 


defects, 


and others. These are provided 


Yet, with all these deterrents to speed, we have produced 150,000 
castings a day — day after day 

lf you need “prescription counter’’ accuracy in the make-up of your 
castings, we would appreciate an interview 


LICENSED PRODUCERS 
OF NI-HARD, NI-RESIST, 
DOUCTILE IRON, AND 
DUCTILE NI-RESIST 
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ENGINEERING CASTINGS, INC. 


MARSHALL, MICHIGAN 


heat transfer are significantly in- 
fluenced by the chemical structure and 
boiling point of the fuel as well as the 
additives used. 


3. A small amount of a “dirty” fuel 
blended with a “clean” fuel is sufficient 
to cause the mixture to produce de- 
posits that are similar to those pro- 
duced by the dirty fuel alone. 


4. The thermocouple data, coupled 
with the deposit thickness measure- 
ments, make possible the calculation 
of the thermal conductivity of the de- 
posit and the time-average tempera- 
ture of deposit-gas interface. This is 
significant since it is done without dis- 
turbing the deposit or imposing any 
unrealistic conditions on. the overall 
heat-transfer picture. 


5. The theoretical analysis suggests 
a means of computing the heat ca- 
pacity of the deposit and the deposit- 
gas interface temperature-time history 
from the thermocouple data. However, 
the results of this work indicate that 
a re-evaluation of the assumptions is 
in order. Some consideration should 
also be given to the accuracy of the 
computational techniques employed. 


6. It appears that greater harm due 
to deposits, that is, decreased volu- 
metric efficiency and high gas tem- 
peratures during compression, would 
occur primarily in connection with 
nonhomogeneous deposits. This is in 
direct contrast with the assumption 
made in the present analysis; how- 
ever, this subject requires further in- 
vestigation. 


% To Order Paper No.201C .. . 
from which material for this paper was 
drawn, see p. 6 


Electrical Discharges 
Object of CRC Research 


HE first report on an extensive 2- 

phase Coordinating Research Coun- 
cil project ultimately aimed at defining 
operating conditions under which elec- 
trical discharges in aircraft fuel sys- 
tems develop has been issued as CRC 
346, “Electrostatic Discharges in Air- 
craft Fuel Systems.” This 117-page 
account of phase one tells how elec- 
trical discharges were produced and 
detected in the fuel flow facilities at 
Wright Aeronautical Development Cen- 
ter. It also describes installation and 
detection techniques which were de- 
veloped to detect sparks and indicate 
the approximate energy level involved 
in the discharges. 

The CRC Aviation Fuel Lubricant 
Research Committee is currently con- 
ducting an even more comprehensive 
fundamental research program on this 
subject. 


Wi To Order CRC 346... 
from which material for this article 
was drawn, see p. 6. 
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Aluminum Wheels 
improve performance, 
permit design versatility, 


reduce costs... 














Aluminum W heels 


with integral wheel, brake drum and hub, offer 
important benefits to both automobile owners and 
manufacturers. The most important performance 
advantages to the car owner are these: (1) Alumi- 
num ’s superior ability to dissipate heat—as proven 
in aluminum brake drums—reduces brake fade, 
improves brake recovery, and lengthens brake lining 
and drum life. (2) Lighter aluminum wheels permit 
reduction of unsprung weight and better ride char- 
acteristics. (3) The integral construction of alumi- 
num wheels permits more uniform braking and 
reduces tire wear. 

Integral aluminum wheels also offer manufactur- 
ing advantages in the areas of production economies 
and increased styling design freedom. They permit 
production savings through reduction of number of 
components per wheel, reduced inventory and lower 
tooling costs. New process developments, now being 
considered for future integral aluminum wheels, 
promise additional gains. Closer tolerances, reduced 





machining, practicability for automation, and im- 
proved mechanical properties and reliability are 
seen as important dividends. From a styling stand- 
point, integral aluminum wheels permit countless 
interesting design variations. And the possibility of 
a variety of colorful finishes on aluminum wheels is 
another bright thought for stylists to consider. 

Reynolds Aluminum Specialists are available to 
work with you on a wide variety of aluminum appli- 
cations. Write or phone Reynolds Metals Company, 
P.O. Box 5050, Seven Oaks Station, Detroit 35, 
KEnwood 7-5000. Or contact your nearest Reynolds 
office or write P.O. Box 2346-MY, Richmond 18, 
Virginia. ; 


NOTE: Before you buy any part—have it designed and 
priced in aluminum. Basic material costs do not deter- 
mine part costs. New techniques and processes— 
applicable only to aluminum—can give you a better 
product at a lower final cost. 


REYNOLDS ALUMINUM 


the metal for automation 


Watch Reynolds new TV show “‘Harrigan & Son”, Fridays, starting October 7; 

also, “All Star Golf’, Saturdays, resuming October 15—ABC-TV. And on Sunday, 
October 16, be sure to see the exclusive showing of America’s new 1961 cars on 
The National Automobile Show, direct from Detroit over CBS-TV, 6to 7 P.M. E.D.S.T. 
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Probing Mechanics of Tire Squeal 


R. F. MILLER and J. G. SLABY* 


». Kesearcn Center 


O make further progress in tire 

squeal reduction we need to know 
more about the movements in the con- 
tact which give rise to squeal-produc- 
ing vibrations. How is squeal built up? 
How is it maintained, and what con- 
trols its frequency and amplitude? 

To maintain a vehicle in a curved 
path at a given velocity a certain 
value of centrifugal force must be bal- 
anced by cornering forces in the tires. 
To develop cornering force a tire op- 
erates at a slip angle ? as shown in 
Fig. 1. The slip angle is the angle 
between the wheel heading and the 
tangent to the path through the cen- 
ter of contact. The vector diagram 
shows the total cornering force de- 
veloped in the contact and the drag 
which combines with it to give the op- 
erating value of frictional force. When 
this becomes equal to the total avail- 
able friction, full lateral skid occurs. 

From the standpoint of squeal, the 
important dimension is the distance 
SR, which represents the average lat- 
eral sliding that occurs in the contact. 


Circle 


BLN 


Lateral 
Force 


End of 


Fig. 1 — To develop cornering force a tire operates at a slip angle 9. The tire is at point P, pro- 






It includes a portion of unaccomplished 
lateral deflection which results from 
the limitation of friction as well as the 
portion of lateral recovery that occurs 
before the tire leaves contact. 


Directions of Sliding 


Differences of sliding direction 
greater than 60 deg do occur in a tire 
operating at a slip angle of 8.5 deg. 
The inner edge of the tread moves 
somewhat toward the rear during lat- 
eral recovery. The center portions 
move almost straight laterally. The 
outer edge of the tread shows a large 
forward component in its initial lateral 
recovery movement. This is thought 
to arise from the fact that the normal 
load is extremely high in this region 
for an outside front tire, so that other 
regions slide toward it while it still 
adheres. Thus, it has been left with a 
rearward distortion when it finally be- 
gins to slide. All this leads to a region 
of buckling in the contact —a region 
near the outer edge and toward the 
rear of the contact. This involves a 
reduction of the contact pressure which 


continued on p. 143 





Beginning of * 


seneietinie - 
instantoneous 
Path Direction 


ceeding toward the right around a circle whose center is above the diagram. Before entering con- 


tact, the outer edge of the tread has been distorted to a point Q. When available friction is 
exceeded for any area of the tread it begins to slide laterally at constant deflection along the 
limiting friction envelope uN. The tread leaves contact at R. SR is the average lateral sliding 


that occurs in the contact. 
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KOHLER 


a TAYE OT 
CONTROLS 





Relied upon for 
quality, 
engineering, 
workmanship 


Kohler Precision Controls include 
a wide range of valves, fittings 
and parts in various types and 
sizes for industrial equipment, 
automotive, aircraft and missile 
applications. Complete facilities 
in one plant, with unified super- 
vision, contribute to maximum 
control in manufacture, prompt 
deliveries. Ultra-sonic cleaning 
facilities. Air filtered to 10 mi- 
crons in area where hydraulic sys- 
tem components are assembled, 
tested and packaged. 





KOHLER CO. Established 1873 KOHLER, Wis. 
Send for catalog with complete data on: 


CHECK VALVES JET ENGINE PARTS 


Cone Type 
Soft Seat Type AIR VALVES 
Swing Type NEEDLE VALVES 


PRESSURE RELIEF 
VALVES 


RESTRICTOR VALVES PLUG VALVES 


ENGINE PRIMERS 


MU ie aiana ie 


Enameled Iron and Vitreous China Plumbing 


Fixtures e Brass Fittings e 


Air-cooled Engine: 
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DOT. 


NIWY LOW 


PUSH-IN NUT 





Non-corroding 
Electrical insulator 


High pull-out resistance 


Straight legs won’t distort 
thin, soft materials 


This versatile fastening device snaps into place under 
finger pressure alone. Its straight legs permit easy 
insertion in square, punched holes while the tapered 
screw hole forces the legs apart when screw is inserted 
and ensures maximum pull-out resistance. Burrs do 
not impede the nut or prevent proper seating. 


Ideal for use in virtually any type of thin-walled 
structure of sheet metal or plastic, the DOT Push-in 
Nut does not chip enamel surfaces, locks tightly with- 
out distorting the edges of the hole, resists vibration 
and serves as an excellent electrical and thermal 
insulator. 


Suitable for use with #8 or #10 screws...locks in 
holes from .275" to .292" square... application thick- 
ness range: .030" to .060”. Spacer type available with 
¥," dia. head from %’ to 1 '42” length in increments 
of 342”. Other types available in various sizes, round 
or square-headed, from 142” to 4%" thick. 


Engineering details and price information available 
on request. 


CARR FASTENER 
COMPANY 


Division of UNITED-CARR FASTENER CORPORATION 
Cambridge 42, Mass. 


Offices in: Atlanta, Boston, Chicago, 
Cleveland, Dallas, Detroit, Kalamazoo, 
Los Angeles, Louisville, New York, 
Philadelphia, Syracuse 
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Probing Mechanics 
of Tire Squeal 


. continued from p. 141 


actually goes to zero in the case be- 
ing considered. 


Importance of Buckling 


Vibrations in the tread produce the 
squeal—they never appear when 
squeal is not present. The amplitude 
of the vibratory motion is greatest 
near the buckled region. Evidently, 
this region of very low contact pres- 
sure is favorable to the storage and 
release of squeal energy by the tread. 
A component of the squeal vibration 
modulates the contact pressure through 
zero. 

An experiment was run in which a 
small piece of tread stock was slid 
over a mirror surface with particles 
of grit to provide a means of scratch- 
ing the surface. The tread stock was 
attached to a carriage moving at a 
constant velocity of 5 in. per sec. 
Simultaneously, an oscillograph re- 
cording of the squeal was made on 
film. The vibration was discontinu- 
ous in the form of small groups of 9-12 
waves. Likewise, the sound occurred 
in bursts. Variations in the number 
of cycles per burst and number of 
waves per group in the scratches made 
it possible to associate first the wave 
groups with sound bursts and then an 
individual scratch wave of a group 
with the sound it created within a 
burst. 


Significance of Scratch Test 


The spacing of the vibrations in the 
scratch were quite uniform during each 
group. Although a constant spacing 
in time of the sound pulses within the 
burst of sound might be expected, the 
sound appears as a series of damped 
wave trains, telescoped closer and 
closer together into a nearly constant 
amplitude envelope as the burst pro- 
gresses. The explanation seems to lie 
in the oscillation of the sample at sev- 
eral different frequencies. The damped 
wave trains contain frequencies of 
2000-3000 cps. The repetition rate of 
the damped wave trains is 450-1200 
cps. They appear to reach the latter 
value asymptotically with a constant 
amplitude, “time-saturated” condition. 

A low-frequency vibration of 50 cps 
in the direction of the sliding pro- 
vided a modulation on the velocity and 
probably also varied the contact pres- 
sure. This combination resulted in a 
means of starting and stopping the 
high-frequency or squeal vibration. 
Also, there seems to be a fairly con- 
stant sliding distance necessary to 
build up the lateral distortion and re- 
covery that causes the squeal. 


To Order Paper No. 186D . . . 


from which material for this article was 
drawn, see p. 6 
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unusual magnets for 
unusual applications 


Shape is not the only unusual thing about these ceramic magnets! 
Most important is how and where they can be used. For Cera- 
magnet® is a basic, new design material — not a substitute for 
conventional metallic magnets. It allows magnetism to be cre- 
atively applied in new and better ways — usually at low cost — 
to literally hundreds of products from small motors, generators, 
coupling drives, holding devices, and filters, to lightning arres- 
tors, sonar equipment, switches, and many others. 

Ceramagnet permanent magnets are electrically non-conductive 
and chemically inert. They may be used without keepers and 
pole pieces, with many poles on one face, and under other con- 
ditions which would quickly demagnetize conventional magnets. 

Where can Ceramagnet fit into your application? For ideas 
and technical data, send for Stackpole Bulletin RC-12A. 

STACKPOLE CARBON COMPANY, St. Marys, Pa. 





(_ CQ. MAGNET’ 


CERAMAG® FERROMAGNETIC CORES «+ SLIDE & SNAP SWITCHES + VARIABLE COMPOSITION 
RESISTORS « FIXED COMPOSITION CAPACITORS + BRUSHES FOR ALL ROTATING ELECTRICAL 
EQUIPMENT . ELECTRICAL CONTACTS GRAPHITE BEARINGS & SEAL RINGS ° 
COLDITE 70+-® FIXED COMPOSITION RESISTORS . AND HUNDREDS OF RELATED PRODUCTS 
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MECHANICS nas ENGINEERED 
A SIZE anno TYPE JOINT ror 
masta mee 


es ay” 


— 
UNIVERSAL oe (a 
JOINTS ENGINEERED 
TO FIT YOUR PRODUCT 


The key Engineers who make MECHANICS joints have been doing 








so for nearly half a century. They know universal joints from basic 












design and final assembly, to use and final application. Use ALL 
the advantages of MECHANICS JOINTS—-Compact Design—Key 
Drive—Perfect Balance—Less Weight—Fewer Parts—Easier As- 
sembly—Quicker Servicing—‘'SPECIFY MECHANICS.’’ Our en- 
gineers will welcome the opportunity to help you 

design MECHANICS’ competitive sales and 
service features into your products’ 


power transmission system. 





Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 


MECHANICS OIA Sate Tey Maritol 


a ee a ae 2022 Harrison Ave., Rockford, III. 
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Polyvinyl Alcohol Quench 
Is Sensitive to Agitation 


Based on paper by 


P. E. Cary, E. O. Magnus, 
A. S. Jameson 


International Harvester Co. 


AN AQUEOUS SOLUTION of poly- 
vinyl alcohol in a concentration by 
weight of 0.15% has a cooling ability 
in quenching steel between that of 
water and oil. But it is more sensitive 
to change in quenchant agitation than 
is water. These are conclusions 
reached from comparative studies made 
using various diameter medium and 
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Fig. 1 — Effect of quenchant agitation is shown 
by these hardness curves from 11%-in. rounds 
made from medium carbon steel quenched in a 
0.15% polyviny! alcohol solution at 75 F. 













high carbon steel rounds and C-shaped 
specimens made from high carbon 
steel. Four degrees of quenchant agi- 
tation were produced by use of dif- 
ferent quenching fixtures. 

That the polyvinyl alcohol solution 
is more sensitive to agitation changes 
than is water is shown by Figs. 1 and 
2. These hardness penetration curves 
were obtained from 1%-in. rounds, 
quenched with three intensities of 
agitation. 

The cooling curves obtained from the 
center of a 1-in. nickel sphere when 
quenched with two intensities of agi- 
tation in a polyvinyl alcohol solution 
showed marked variability with “mild” 
agitation. “Vigorous” agitation cool- 


continued on p. 147 
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Fig. 2— Effect of quenchant agitation is shown 
by these hardness curves from 1'%4-in. rounds 
made from medium carbon steel quenched in 
water at 75 F. 
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Fig. 3 — Cooling curves obtained from |-in. nickel spheres quenched in 0.15% 
polyvinyl alcohol solution at 75 F with “vigorous” and “mild” agitation. 
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VELBUNA 
WG-1! 


Latest in Vellumoid’s line of out- 
Standing gasketing materials. 


VELBUNA WG-1 
Excellent for applications involv- 
ing medium or high compression 


4 loads requiring both f 
f and conformability. ae 


VELBUNA WG-1 
Compounded of high grade fibre 




















combined by a special process. 


a VELBUNA WG-1 

Fr oa ie memagoanens sheet 
i utstanding seal - 
acteristics. ere ee 


% VELBUNA WG-1 
: Excellent torque retention 


VELBUNA WG-1 
— answer to a wide range of 
rvices involving oils, gr 
fuels, and water hadi 


Bry ) 
me. a 


We'll be happy to furnish 
sam- 

ples for testing on your - 

lar application. , ee 












THE VELLUMOID COMPANY 


octated with 


Ass 
DEWEY AND ALMY CHEMICAL : 
W. R. GRACE & Co. — 4 





WORCESTER 6, MASSACHUSETTS 





145 


concern to the gear designer and must yond the capabilities of the machine 
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ECONOMY, DURABILITY AND 
DEPENDABILITY are outstanding 
characteristics of these sintered 
metal gears. Parts like these are the 
result of close cooperation between 
Delco Moraine and its customers 
from idea through design and devel- 
opment to production. 


A 


DELCO MORAINE) 


DEPENDABLY MADE parts for automotive progress ¢ Division of General Motors, Dayton, Ohio 
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Central Illinois Section: Harry M. koff (M). James A. Krause (J). Robert 
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continued from p. 145 


ing curves, on the other hand, showed 
practically no variation (Fig. 3). 

In general, a difference appears in 
the first stage of the mechanism of 
quenching with these polyvinyl alcohol 
solutions which requires closer atten- 
tion to the degree of agitation than is 
needed with the use of water. 


To order Paper No. 178A .. . 
from which material for this article was 
drawn, see p. 6. 


Communications in 


Space-System Checkouts 


ROBERT R. DYE 
Northair [ n, Northrop Corp 
N electrical system, already in suc- 
cessful operation, provides six sepa- 
rate channels for instantaneous speech 
communication between any number of 
people up to about 30. 

It is designed to provide the reliable 
communication necessary among the 
many people involved —often simul- 
taneously — in accomplishing checkout 
procedures on sophisticated and com- 
plex weapon systems and space sys- 
tems. 

The important parameters for this 
system are: 

a. Magnitude and spectrum level of 
the ambient noise, particularly in the 
frequency band of 200-6000 cps. 

b. Characteristics of microphones 
and headsets. 

c. Magnitude and spectrum level of 
various noise sources. 

d. Characteristics of the speech 
channel, including gain, frequency re- 
sponse, AGC, and peak clipping. 


This system, which has achieved sat- 
isfactory communication in 137 db of 
white noise, is a unique combination of 
existing techniques and principles. 


Wi To Order Paper No.241D .. . 
from which material for this article was 
drawn, see p. 6. 


3 Rules for Successful 
Transmission Gear Design 
Based on paper by 
A. HARDY 
seneral Motors Corp 
HREE STEPS to the successful de 
sign of transmission gears are: 


1. Provide the production depart 
ment with practical tolerances. Thes 
tolerances are a constant source 
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concern to the gear designer and must 
be realistic if gears are to be produced 
economically. 

2. Meet the gear specifications set 
by the engineering department if you 
are to ultimately satisfy the customer. 

3. Use designers that have a knowl- 
edge and appreciation of production’s 
problems. The designer should em- 
ploy this knowledge intelligently to 
bargain for closer tolerances. He 
should realize that calling for unre- 
alistic accuracy on the detail of the 


14) 


yond the capabilities of the machine 
and the man operating it, the inspec- 
tion department will ask the engineer- 
ing department to make the decision 
of rejecting possibly good gears or in- 
creasing tolerances to pass them. 

Compromises are necessary. En- 
gineering, production, and inspection 
must be a well coordinated team to 
produce the best gear at the most rea- 
sonable price. 


MB To Order Paper No. 208D .. . 


gear does not necessarily make the 
part better. 





When tolerances are be- 





¢ Protects against scratching 
© Pleasing appearance 
© Provides vibration-proof assemblies 


Where exposed studs can not be tolerated (for example, 
in trunk areas) the new Acorn Type Self-threading Nuts 
not only eliminate the cost of threading, but the smooth 
contour automatically covers up studs which may other- 
wise damage articles or scratch hands. Sizes for 4" 54” 
and 3¢” dia. studs and rod. Get details and free samples. 


Big Savings in Parts and Assembly Costs 


PALNUT _ Self-threading 
threading of parts because they form their own clean, 
deep threads while tightening on unthreaded studs, rods, 
wire and plastics. They assemble fast with standard 
power tools, even on off-angle studs and in confined 


Low-cost Nuts eliminate 


spaces. Spring-tempered steel prevailing torque holds 
tight, whether seated or unseated. May be used and 
re-used on the same stud. Widely used on ever-increasing 
automotive applications 


THE PALNUT COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 
70 Glen Road, Mountainside, N. J. 
District Office: 730 W. Eight Mile Rd., Detroit 20, Mich. 


JOT 


LOCK NUTS an 


from which material for this article was 
drawn, see p. 6. 


MAKE THEIR OWN THREADS 
on unthreaded studs, rods, pins, 
ACME MMU mE LCE ELS 


7 LN 









Style SD, large base Style SD, small base 
Grounding Style SG Washer with Sealer 


REGULAR TYPE 
Style SR 


© Write for Free Samples and Bulletin 585 






d FASTENERS 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between August 10, 
1960 and September 10, 1960. Grades 
of membership are: (M) Member; (A) 
Associates; (J) Junior. 


Atlanta Section: William Walter Bolan 
(A) 


British Columbia Section: Frank H. C. 
Dean (M), Douglas Stanyer (J). 


Buffalo Section: Norman G. Bruinsma 
(J). 


AEA 





Central Illinois Section: Harry M. 
Bloom (J), Alvin D. Mayerchin (A), 
David L. Taylor (J), John C. Thomp- 
son (A), Thomas L. Yingling (J). 


Chicago Section: Tommy D. Badley 
(M), Edward E. Braun (A), James F. 
Davis (M), Allan L. Freedy (J), Arthur 


E. Nelson (M), Warren C. Schloskey 
(M), John Schmidt, Jr. (M), Robert 
W. Vierck (A). 


Cincinnati Section: Arnold M. Leas 
(M), Robert H. Wettach, Jr. (M). 


Cleveland Section: Robert C. Brooker 
(M), Kenneth L. Campbell, Jr. (M), 
William C. Dalton (A), Peter J. Ghirla 
(J), M. C. Hoffman (M), Stanley Kali- 


It’s sheet metal wizardry — the things Stolper can do 
with sheet steel, aluminum or stainless. 
Skilled engineers directing expert craftsmen operating 
modern machines will add extra value to your 
sheet metal parts, sub-assemblies or assemblies. 
A discussion of your specific project costs nothing. 
Test our ingenuity soon, 


STOLPER INDUSTRIES incorroraten 


METAL PRODUCTS DIVISION 
MENOMONEE FALLS, WIS. 


318 PILGRIM ROAD « 
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koff (M), James A. Krause (J), Robert 
Moran (A), J. Carl Peifer (A). 


Colorado Group: Rudolf O. E. Kroeger 
(M). 


Dayton Section: Jerome L. Dorsten 
(J), John A. Losh (M). 


Detroit Section: Albert Willard Armour 


(A), Phillip G. Arndt (J), Colver R. 
Briggs (A), Donald T. Cantrell (J), 
Norman Eugene Coonfer (J), Harry 


P. DeMoss (J), Archibald C. Doty, Jr. 
(M), Arthur W. Dulemba (M), Alan 
Robert Fisher (J), Lawrence H. Gil- 
lespie, Jr. (M), William V. Hildebrandt, 
Sr. (A), Robert W. Himrod (M), Leon- 
ard Gustave Johnson (M), John B. 
Keir (M), Addison B. Kelley (M), Tim 
Frank Lezotte (J), Roy F. Manley (M), 
Samuel A. Mazzola, Jr. (J), Bingham 
Andrews McClellan (A), Gordon Eric 
Morse (M), Robert Earl Neth (J), Bela 
Sandor (M), Donald J. Schrage (J), 
Edwin J. Seiberlich (M), Stephen F. 
Selby (A), Michael S. Selwa (J), Stan- 
ley J. Sobolak (J), Richard M. Studer 
(A), John Brixton Swetka (A), Charles 
Henry Torner (J), James E. West (M), 
Lino F. Widmann (J), James C. Wood 
(M), Sami F. Zawideh (J). 


Fort Wayne Section: Victor N. Farhi 


(M), William J. Martin (J), Paul 
Everett Merriman (J). 
Indiana Section: Frederic Rigdon 


Bartlett (J), Jerry A. Dick (J), Ralph 
J. McDaniel (M), Robert W. McJones 
(M), R. W. Oyler (M). 


Kansas City Section: 
Mitchell (J). 


James Leroy 


Metropolitan Section: Robert E. Buck- 
ley (M), Ivan O. Fieldgate (M), North- 
rop Rogers Fletcher (M), Willard H. 
Keeber (M), Roger A. Michaels (J), 
F. Henry Rossire (M), Kevin Sheehan 
(J), Donald Kenneth Strout (A), Eu- 
gene C. Taylor (M). 


Mid-Michigan Section: John A. Zidak 
Jr. (J). 


Milwaukee Section: James E. Hill (M), 
Leonard Kube (J), Richard H. Lincoln 
(M), Donald G. Pohl (J), Otto H. 
Scharpf (J), Lawrence J. Slater (M). 
Montreal Section: Norman Walter 
Kuster (M), Louis Morin (J). 


New England Section: James C. Mc- 
Evoy (A), Chester L. Menne (M). 


Northern California Section: Donald 
Lee Beers (J), Phillip Alvin Bohm (J), 
K. Bertil K. Klingborg (A), Akito 
Ogoshi (J), E. C. Schafer (M). 


Northwest Section: James E. Tomlin 


(J). 


Ontario Section: George Stephen 

Bagosy (J), Richard F. G. Baker (J), 

George S. Clark (A), Frank X. Gregor 

(A), Michael A. Haddon (M), Donald 

A. Jackson (A), Ivor Sidney Piercy (A). 
continued on p. 150 
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APPROACH Vi 
DESIGN PROBLEMS from m ANY ANG 
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Licensed Under 
Pat. No. 2481404 
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Exhaustive Tests at 3000 
p.s.i. through 1% million 
cycles, with the connector 
covered with abrasives and 
dirt, simulating field conditions, 
proved EASTMAN’S Industrial 
Swivel Connector satisfactory 
in every respect and did not 
cause failure of any kind. 






Low Cost Industrial 
SWIVEL CONNECTORS 


Yes, you can approach your design problems from any angle 
from any of the six sides of EASTMAN’S newly improved 
Industrial Swivel Connector 









Never before has any fitting equaled its adaptability and versa- 
tility. You can stack them, line them up parallel, horizontal or Cut corners while you cut costs 
vertical ...in a‘‘T,” if need be. AMT Mt lalla i Pill 


Not only can you simplify design problems, but you can Industrial Swivel Connectors. 


improve the maneuverability of your equipment .. . raise or lower 


buckets or blades. You are able to change the angle of the cut ae - . 
, ee ; ire © Eliminate installations of 


lengthy, complicated hose assemblies, 
EASTMAN Industrial Swivel Connectors eliminate costly hose junction boxes and multiple adapters. 
failures due to excessive flexing; permit use of shorter lengths of 


right or left, up or down on the go. 





hose and help eliminate complicated assemblies. 
Tle ha tu hod me hd 8 ae 


Improved interior design provides ‘‘balanced’”’ fluid flow at ee tls 





any angle. Chrome hardened, cadmium plated interior surfaces, TOT ue aCe Chats 
burnished to a mirror finish, improve performance. SIX sealing 

rings: 2 leather dust seals, 2 synthetic back-up washers and 2 quad @ LOW TORQUE—Freedom from friction, even under high 
rings of oil-resistant rubber (—40° to +200°) assure dust-free pressure. 


@ WIDE RANGE—Operating pressures up to 3000 p.s.i. 


field service and less down time. ; , 
trouble-free operation through wide temperature range 





If you have been “designing around’’ Swivel Connectors (—40° to +200°). 
because of high cost . . . rest assured that EASTMAN’S Industrial @ ROTATION—Full 360° for all manifolds. 
° ° ° * — ;, ; y,’ 
Swivel Connectors will not only reduce your original cost but @ SIZES ~Steel, plated for corrosion protection—'/ 
; mAs %"', 1", 1%". Other sizes available on request. 
lower your customers’ operating costs as well. 
Write for 
Technical 
Bulletin No. 59 


on Eastman's 
new improved 


ast ma MANUFACTURING COMPANY | wena) 
DEPT. SAE-10 MANITOWOC, WIS connector. 
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New Members Qualified 


continued 









Philadelphia Section: Alexander Tarsi 
(A). e 


Pittsburgh Section: Larry Duffield 
Duquette (J), Lucian J. Leta (M). 






Rockford-Beloit Section: Burdette L 
Douglass (M), Delmer L. Rench (M). 






St. Louis Section: Donald M. Veihman 
(J). 






Salt Lake Group: William S. Watson 
(J). 






San Diego Section: Reinhold L. Gerber 
(J). 






Southern California Section: James 
Thomas Albert (J), Horace L. Beaty 
(J), Werner Ron Eschrich (A), Charles 
W. Eyres (A), Stanley Chester Neff 
(A), T. W. Proudfoot (A) 

we 

Texas Gulf Coast Section: Frank C 
Sexton (A) 










Twin City Section: Calvin H. Schwalbe . 
(J), Donald C. Staab ‘J) 


FINAL INSPECTION lls Virginia Section: Israel Ipson (A 









Washington Section: William J. Neff . 


symbol of quality assurance (J), Daniel T. Pickett (A 
Outside Section Territory: John Rich- 






ard McCorkle (J), Richard P. Schaef- 
fer (J), William F. Spaeth (M), John 
Lawrence Twells (A) 

In the production of exacting rubber products, such 

as ‘‘O” Rings, custom-molded products, or rubber to 

metal bonded products, final inspection plays a , . : 

dual role. . . it double-checks on all previous production Applications Received 

processes, and makes sure that the finished product The applications for membership re- 
c meets al! quality requirements. ceived between August 10, 1960 and 


September 10, 1960 
Standard and PARCO designed inspection tools 


combined with the efficiency of specifically trained 
ae inspectors assures all products are perfect for delivery Baltimore Section: Leonard Henry For- 
~ and ultimate application. man 
This is why, at PARCO, final inspection is a symbol of Buffalo Section: Thomas Hugh Callen 
quality assurance. oe pee 
Central Illinois Section: Lawrence J 
= Blattner, Sterling Richard Booth, Jr., 


John Martin Drlik, Allen W. Elliott, 

James Howard Furlong, Gerald G 

* Hoeft, Arnold Herbert Janot, Stanley 
é L. Kerker, David Louis Oedewaldt 





oe ee Cee ee ee Chicago Section: John A. Boyd, Wil- 

% A must when “0” Rings are concerned. liam V. Burke, Charles R. DeVane, Jr., 
f Joel Arthur Pieper 

Ff PUSTIC AND RUBBER PRODUCTS COMPANY | nn on mar 
‘ ee . ‘incinnati Section: Jerry W artling, 

ee - 2100 Hyde Park Boulevard + Los Angeles 47, California — Willard R. Becraft, Robert L. Oelrich 
+e : a ; 
hal continued on p. 152 
150 SAE JOURNAL, OCTOBER, 1960 . 


Weenatkhmnat finaananawa Blheacaw FF esanleate Tak Re. tAnamwte ww, Gh. bbe. PSaeaeaeess —Tn wle 








BENDIX 


STARTER DRIVES 





NUMBER ONE 


OVER 130,000,000 TIMES 


The selection of Bendix* Starter Drives for over 130,000,000 automotive vehicle 
installations speaks for itself on the kind of performance these Drives deliver. They’re 
first choice, too, for aircraft, locomotives, inboard and outboard motors, and earth 
movers. In short, whatever the type of internal-combustion engine, you can start 
it better—more dependably and at lower cost—with a Bendix Starter Drive. 


*REG. U.S. PAT. OFF. 


Bendix-Elmira (3% 
“‘Eaaeus : 
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Applications Received 


continued 


Cleveland Section: Chester Patrick 
Coldren, Richard R. Reimer, John J. 
Rodgers 


Dayton Section: Alvin Clinton Forsythe 
Detroit Section: Harry J. Brown, Ed- 


ward Oliver Cascardo, Fred Easa Ghan- 
nam, Frederick E. Kruse, James R. 





We Vuvite 
INQUIRIES . 
ON 


Complete Radiators 
FOR ALL 
INDUSTRIAL 
APPLICATIONS 


2901-17 INDIANA AVE. 
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wz? 
| COOLING 


RADIATORS 


Over 30 years of specialization 
and engineering research have 
produced a radiator and core 
proved dependable under all 
conditions. 


@ ALL-COPPER CORES and TUBES 
double-lock seamed give greater 
strength and eliminate danger 
of rusting 


l-piece upper-and-lower-tank 
brass stampings for POSITIVE 
PROTECTION FROM LEAKAGE 
AND VIBRATION ... 


@ Large tube area for EFFICIENT 
COOLING IN ALL WEATHER, all 


driving conditions . . . 


@ GUARANTEED 


against defects in materials and 
workmanship. 


WRITE TODAY FOR DETAILS 


AUTO Nel datas Manufacturing Co. 


Kuehnel, George Fraser Luckett, Rob- 
ert Arthur Mallgren, Robert L. Ment- 
zer, Ronald R. Wisner 


Fort Wayne Section: Calvin Neil Moul- 
ton 


Hawaii Section: Jack M. Brown 


Indiana Section: Joseph John Clegg, 
Thomas Joseph Deane, Mark Edwin 
Fisher, Leonard D. Gardner, James 
Ross Williams 


Kansas City Section: Joseph C. Boul- 
din, Stanley John Casper, Andrew Ed- 
ward Kuhar 






CHICAGO 16, ILLINOIS 









i a Be tet, Bt 


Metropolitan Section: Gregory Mark 
Cinque, John A. Ferris, Larry John 
Fauci, Gene Hopkins, Franklin T. 
Johnson, Arthur Noble Kugler, Michael 
Cc. O’Connor, John J. Pepas, Robert C. 
Wade, Jr., Ward C. Watson 


Mid-Cont. Section: Richard C. Hall, 
James Leroy Jones, Jr. 


Harold J. 
Dale A. 


Mid-Michigan Section: 
Burke, John R. Gretzinger, 
Marek, Edwin D. Weddington 


Milwaukee Section: John R. Dwyer, Jr., 
Richard Phillip Emmerich, Eugene 
Pramenko, Russell R. Ruck, Paul 
Joseph Welz 


Montreal Section: Pierre Bellemare, 
Pierre-Emile Bonin, Claude Coudry, 
Jean Guy Moore 

New England Section: Carl Edwin 
Beck, Byron F. Blanchard 

Northern California Section: Robert 


Warren Armstrong, Roderick Edward 
Hussey, Robert Ian McClure, Paul Nel- 
son Price 


Edward W. Castle, 
Edward V. Cole, 
Robert N. 
McCulloch, 


Ontario Section: 
Lorne Clifford Clarke, 
Lubomir Charles Hykel, 
Jackson, Gordon Douglas 
William Cecil Patterson 
Oregon Section: William L. Reiers- 
gaard 


Philadelphia Section: John W. Hannell 
Jr., Tibor D. Lody, Robert A. Moon, 
Howard C. Myers, Jr. 


Pittsburgh Section: John Charles 
Hamaker, Jr., James B. Hill, Robert J. 
Walter 


St. Louis Section: John D. Bartley, Jr., 


Glenn E. Borgard, Robert Eugene 
Thompson 
Southern California Section: Obed 


Bobbitt, Robert Stephen Cannell, Wal- 
ter F. Hooper, Robert W. Jonasen, Al- 
fred B. Killebrew, W. D. Page, Carmine 
Anthony Pilichi, Floyd Eugene Robinett, 
Don Gilbert Schattschneider, Simon 
Tamny 


Clarence S. 
Terry Lee 


Spokane-Inter. Section: 
Jolley, J. H. O’Conner, 
Prafke 


Twin City Section: Gerald Roy Knut- 
son 


Wichita Section: G. L. McCumber 
Outside Section Territory: Garth An- 
thony Clowes, Claud Randall Comer, 
Roy E. Harrington, Walter H. Kunz, 
Roman J. Martin, James William 
Minamyer, Roger Lee Post, Robert 
Stewart Pringle III, Donald James 
Slattery 


Foreign: Arturo Bernal S., Mexico; 
Joao Verdi de Carvalho Leite. Brasil: 
Nihal Chand Sehgal, India 
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SPECIFY 
QUALITY- 


CONTROLLED 
GILLETT 
and EATON 





Increase the dependability of your engines with Why not take advantage of more than 90 
G&E High Tensile Iron Pistons. Each one is_ years of casting and piston machining exper- 
designed, cast, and machined to your specifi- ience at G&E. Complete facilities from lab to 
cations, to give you uniform operating char- label assure efficient, economical production. 
acteristics. 

Write for complete information—include your specifications. 


G&E HAS COMPLETE CASTING FACILITIES 


We cast any product high-tensile iron, aluminum 
alloy, bi-metals. Tell us what you want. 


(07% GILLETT & EATON, Inc. 


853 DOUGHTY STREET, LAKE CITY, MINNESOTA 
Casting and Piston Specialists « Established 1868 
Sold in Canada by Gould National Batteries of Canada, Lid., Fort Erie, Ontario 
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Proving ground 


for 
AUTOMOTIVE 
| CHEMICALS ‘ 
a 
"amensecen 14 RRR C6 Se, il 


It starts with a phone call. . . 


or an exchange of ideas through the mail. 


Then two men meet and start working together. One is an automotive 
engineer, the other a development chemist in Dow’s Automotive Chem- 
icals Laboratories. Their common interest is an advanced automotive 
design feature—one in which an equally advanced product of automotive 
chemistry will play an important role. In the area of cooling systems, 
for example, several new developments loom on the horizon... 


EBULLIENT COOLING PROMISES CLOSED 
SYSTEM, FEWER WORKING PARTS 


Originally proposed for vehicle 
use back in the 1920's, the prin- 
ciple of ebullient cooling was 
tempting; but a workable system 
was stymied for reasons which 
today are obsolete, such as the 
lack of an efficient coolant. To- 
day, automotive engineers and 
Dow research chemists with new 
coolants are taking a closer look. 


Ebullient, or “vapor phase” cooling 
is based on the principle of cooling by 
boiling. Highly simplified, the liquid 
coolant in the engine block is “boiled 
out” and passed to the radiator as a 
vapor. There it is condensed to a liquid 
and returned to the engine. Thus, heat 
is absorbed by vaporization, rather than 
by the sensible heat of the coolant. 
Ebullient cooling eliminates the ther- 
mostats and the water pumps of the 


conventional system, and most impor- 

tant of all, it may be a giant step toward 

the goal of all cooling system engineers 
a sealed cooling system! 


Ebullient vs. Conventional 


At Dow’s Automotive Chemicals Lab- 
oratories, preliminary tests have been 
conducted on a passenger automobile 
matching an ebullient cooling system 


Recording temperatures of engine parts in ebullient cooling research. 
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and a conventional system. The heat 
transfer coefficients in the valve and 
cylinder wall areas for the ebullient 
system were found to be two to three 
times higher than for the conventional 
cooling system! 

Automotive cooling systems have al- 
ways been a subject of intense study by 
Dow’s automotive development staff. 
Dow is a basic producer of ethylene 
glycol coolants, and through the years 
Dow corrosion engineers screened many 
corrosion inhibitor combinations for one 
that could be used in all sections of the 
country. Since the main offenders in a 
cooling system are water impurities and 
their variants, it was decided to formu- 
late a totally compounded fluid to elim- 
inate the need to add water to the radi- 
ator. Thus, after a series of exhaustive 
performance tests, came DOWGARD™*, the 
world’s first year ‘round cooling system 
fluid. A blend of a completely new 
combination of protective chemicals, 
and specially treated de-ionized water, 
DOWGARD gives superior protection to 
all cooling system metals — including 


aluminum! *Trademark 


NaOH: Workhorse in 
new flake form 


The announcement that Dow has in- 
troduced a greatly improved new flake 
form of caustic soda . . . offering higher 
Na,O content, and virtual dustlessness 


New ground caustic flake 

is virtually dustless. 
has been welcome news to the auto- 
motive industry. In many automotive 
plants, fast-acting formulations contain- 
ing Dow caustic soda serve as metal 
cleaners, paint strippers, and waste dis- 
posal aids. Quick, dependable supplies 
of Dow caustic soda are available in 
all six forms: 50% and 73% solutions, 
as well as solid, flake, %4-inch flake, 
ground flake. 
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Testing polyurethane foam for dynamic flexing. 


POLYGLYCOLS: from where you sit 


In a driver’s seat, resiliency, rigidity, 
and tensile strength are requirements 
for safe, comfortable driving. In the Dow 
Automotive Chemicals Laboratories, 
these are requirements for Voranol*, 
Dow resin-grade polyglycols used to 
make polyurethane foam seat cushions. 
Like tue coolants, additives, and fluids 
that go under the hood, they were sub- 


The many faces of amine 


Another versatile “soldier” in Dow’s 
array of automotive chemicals, the 
amines serve the automotive industry 
as ethanolamine soaps, combined with 
soluble oils, for lubricating and cooling 
cutting tools triethanolamine has 
been used as an anti-corrosion additive 
in antifreeze solutions and hydraulic 
brake fluid formulations . . . automo- 
tive polishes are based on ethanolamine 
derivatives and amines are also 
used as acid neutralizers in oil filters. 
In short, the amines are one of the 
vital links in the chain between the 
automotive industry and Dow automo- 
tive chemicals research. 


jected to the same exhaustive research 

. are subject to the same high-purity 
requirements in Dow’s automotive 
chemicals labs. And someday, you may 
see entire seat assemblies formed of 
this soft, yet tough material. Or in 
denser form, they may even be used to 
make pneumatic tires with a service life 
of several hundred thousand miles. 


*Trademark 


Coolant solutions subjected to 
a battery of corrosion tests. 


@ INFORMATION, PLEASE: If you'd like more information 
on the above activities, or any area of Dow's automotive re- 
search, please write us. A member of our technical staff will 
give your inquiry prompt attention. Write: THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Chemicals Merchandising 
Department 401EN10; or contact a Dow sales office near you. 


See ‘The Dow Hour of Great Mysteries'’ on NBC-TV 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 





Bund yweld is the orig- 
inal tubing double- 
walled from a single 
copper-plated steel 
strip, metallurgically 
bonded through 360° 
of wall contact for 
amazing strength, 
versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remark- 
ably resistant to 
vibration fatigue; has 
unusually high burst- 
ing strength. Sizes up 
to %” O.D. 


There’s almost no limit 
to the things 
Bundy can mass-fabricate 


Maybe you've got a tubing component that’s difficult to fabricate. But 
complex or simple—it will still pay you to talk to Bundy. Here’s why: 


Your part will be made from Bundyweld—the original steel tubing 
double-walled from a single copper-plated steel strip. Extra strength 
and resistance to vibration fatigue have made Bundyweld the 
safety standard of the automotive industry. Meets ASTM 254; 
Government Specification MIL-T-3520, Type ITI. 


And you'll get close tolerances, too. Bundy engineers check every 
job to see if design modifications can cut costs or improve quality. 
Then your component will be mass-produced on machines developed 
by Bundy to give you precision and uniformity — and low unit cost. 


Need help with a tubing problem? Bring it to Bundy. Call, write, 
or wire: Bundy Tubing Company, Detroit 14, Michigan. 





Ford owners ride in cool comfort 
with this factory installed air con- 
ditioner built by the McCord 
Corp. Bundyweld steel tubing 
used in the condenser coil and 
connecting tubes not only provides 
leakproof dependability, but also 
results in important cost savings. 


There’s no substitute for the original 


BUNDYWELD. TUBING 


WORLD’S LARGEST PRODUCER OF SMALL-DIAMETER TUBING « AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, ITALY, JAPAN 


BUNDY TUBING COMPANY «+ DETROIT 14, MICH. + WINCHESTER, KY. + HOMETOWN, PA. 





New Light on a Compound Semiconductor 


Pictured is a new and unusual transistor .. . made from a compound 
semiconductor. Its electronic properties are greatly affected by light. It is 
a field-effect transistor having input impedances up to 100 megohms 
(versus 1,000 ohms for junction transistors). Its unique combination 

of properties has enabled it to perform some novel circuit functions 


not possible with other transistors. 


Still in the early experimental stage, this phototransistor is a 
tangible result of the General Motors Research Laboratories’ program on 
semiconductors — particularly the group II-VI compound, 


cadmium sulfide. Behind its development lies the steady accumulation 
of (1) know-how in crystal growing, doping, and contact 

preparation and (2) information about CdS’s intriguing solid state 
properties (red or green luminescence, high photoconductivity, 

short relaxation times, ete.). 


For the researcher, this three-terminal device is adding a new dimension 
to the fundamental understanding of semiconductors. For instance: 

GM Research scientists have uncovered the important role of 
photo-generated holes in modulating the conductance of this intrinsic 
semiconductor and have determined the hole drift mobility 

through a new theoretical analysis. 


These semiconductor investigations illustrate the dual aim of GM 
Research: contributions to the science, advances in the technology of 
important new subject areas. Such research is the initial step in 
General Motors’ continuing quest for “more and better things 

for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Typical Output Characteristics 
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copper p-type 
junction 
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Designing valve gear? 


ee 


CHICAGO SPRING-LOADED FLAT INSERT TYPE ROCKER 
VALVE HYDRAULIC TAPPET ARM UNIT 





PUSH ROD TYPE FOR COMPRES- THREADED TYPE ROCKER 
SION RELEASE APPLICATION ARM UNIT 


ww ys 
4 


HYDRAULIC UNIT ON 


v-8 AUTOMOTIVE HYDRAULIC END OF PUSH ROD 


TAPPET APPLICATION 


We invite you to use these 


specialized CHICAGO services 


Design 

of complete valve gear 
installations for any type 
of engine . . . passenger 
car, truck, tractor, diesel, 
aircraft or industrial. 


Development 
engineering 

based on years of specialized 
experience in valve gear 
problems. The skills of our 
engineers will prove a 
valuable addition to your 
own engineering staff. 


Tappet 
manufacturing 


CHICAGO’s facilities 

insure precision-manufactur- 
ing, scientific testing and 
rugged, trouble-free 
performance in every tappet. 
We welcome the 
opportunity to serve you. 


THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 @ DIVISION OF STANDARD SCREW COMPANY 


2701 WASHINGTON BOULEVARD, BELLWOOD, ILLINOIS 
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Du Pont Plastics... 


AWARD-WINNING DESIGN 
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Lubricator manufactured by Walker Mfg. Co., Racine, Wis 
Pump housing and cap molded of DELRIN by G. Felsenthal 
& Sons, Chicago, Ili. Connecting line of ZYTEL produced by 
Polymer Corp., Reading, Pa. Manifoids und fittings of ZYTEL 
molded by Flambeau Plastics, Baraboo, Wis. The reservoir 
of ZYTEL is by Rockford Molded Products, Rockford, Ili. 
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for automatic lubricating system 


solves tough problems 


by using ZYTEL and DELRIN' 


A greatly improved central automatic lubricator using many parts of Du Pont ZYTEL nylon resin and 
Du Pont DELRIN acetal resin has won a First Award in Materials in Design Engineering’s 4th Annual Com- 
petition. Because the system was designed for use on vehicles, the materials used had to meet a wide range of 
exacting conditions. The lubricator was designed to operate in temperatures ranging from —25°F. to 225°F., at 
pressures ranging from 40 psi to 90 psi and in contact with mineral lubricants. m With these requirements in 
mind, the designers selected Du Pont ZYTEL nylon resins for the three main parts of the reservoir assembly, 
for the manifold and for the connecting line between pump and manifold. The variety of compositions of 
ZYTEL offers designers wide latitude in selecting the resin with the best balance of properties for each specific 
job. By careful selection, the parts of ZYTEL in the Walker Lubricator provide the toughness, corrosion 
resistance and flexibility required under the conditions of use . . . and are economical. m For the pump housing, 
new DELRIN acetal resin was chosen. The rigid molding has excellent dimensional stability and a low co- 
efficient of friction—giving long plunger life. The housing of DELRIN is resistant to mineral lubricants and has 
an excellent fatigue life in oil. An attractive cost saving was also attained: parts of DELRIN could be molded 
to finished dimensions on a mass-production basis, and required no machining. mg This is another example of 
the performance and cost advantages made possible by Du Pont’s versatile engineering materials for the auto 
industry. Find out more about properties and applications relating to your field by mailing the coupon below. 


E. I. du Pont de Nemours & Co. (Inc.) 


ALATHON” - DELRIN® - LUCITE® - ZYTEL®! Advertising Dept., JJ-10, Room 25072 


+ 
| 
I 
POLYETHYLENE RESINS ACETAL RESINS ACRYLIC RESINS NYLON RESINS Nemours Building, Wilmington 98, Delaware 
Du Pont’s versatile engineering materials I am interested in DELRIN® (] ZYTEL® ( ; 
POLYCHEMICALS DEPARTMENT Name 

| 

| 

| 

| 

| 

| 
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BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY} = In Canada: Du Pont of Canada Limited, P. 0. Box 660, Montreal, Quebec. 
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Nickel steels give shafts and gears 
the strength to rip up 30-yard loads 


idlers, and pinions of 8627. Hitch-pin 
bushing is a carburized 4620 casting, 
and several parts are cast from 8630. 


With downward pressure from 
double-acting hydraulic bowl jacks, 
the Allis-Chalmers TS-360 quickly 
scoops up 30-yard loads, speeds them 
to fill areas, dumps them out with 
forced ejection. 


Shafts and gearing stand a merciless 
shock load when the cutter digs in, 
brutally sustained as the scraper rips 
ahead. To combat these 
transmission and drive components 
are designed around the special com- 
binations of properties provided by 
five types of nickel alloy steels—each 
making a unique contribution of 
strength, shock-resistance, wear- 
resistance. 


stresses, 


In the Fuller transmission, reverse 
gears and countershaft...among the 
most heavily stressed components... 
are made of AISI 2515 steel, contain- 
ing 5% Nickel for extra toughness 
and wear-resistance. Gears and main 
shaft are 4320, delivering high core 
hardness and torsional strength. 


In the final drive, Allis-Chalmers 
gets the benefit of responsive, 
nomical heat-treatment properties 
for high levels of resistance to wear, 
shock and fatigue. Requirements are 
liberally met by spiral bevel ring gear 
and pinion of AISI 4320 nickel alloy 
steel; bevel pinions and side gears of 
8620 Ni-Cr-Mo steel; bull gears, 


eco- 


How about your design require- 
ments? These and other nickel alloy 
steels—all readily available—can de- 
liver specific combinations of proper- 
ties for strength, wear-resistance, 
and overall economy. For useful data, 
and for help in solving materials- 
selection problems, simply write to 
Inco. 


The International Nickel Company, Inc. 
sas el a ait ate on aid woe 
67 Wall Street INCO. New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 
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Webster hydraulics raise production, lower costs 


Two ton push-up! Second story operators like 
this powerful lift truck speed material handling 
and construction — save time, money. Thanks 
to hydraulics! Fingertip control raises the 
load, lowers it — tilts it forward or back. And 
a Webster Directional Control Valve channels 
the action. Deftly. Accurately. 

Where space is at a premium — this versatile 
valve fits in. It’s the smallest size for rating! 
Operating pressures range to 2000 psi, shock 


= 


= Foe 
£ Ag i 
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pressures to 5000 psi... with lowest back pres- 
sure. Inlet and outlet connections can be made 
from the same end to simplify hook up. And 
it’s provided with alternate porting positions. 
Sizes from single spool to 6 spools; capacities 
from 20 to 40 gpm. Parallel design permits 
control of up to 6 independent circuits ! 

Build construction equipment? Machines for 
industry or agriculture? Keep this Webster 
Directional Control Valve in mind. 


OIL HYDRAULICS DIVISION 


WEBSTER ELECTRIC 


RACINE-WIS 


STACK TYPE 

DIRECTIONAL CONTROL VALVE 

Bulletin HY 1 contains complete engineering 
data — installation, performance 
specifications. Write for it! 











YOU COULDN'T HAVE DONE THIS THREE YEARS AGO 


They mold this reverse clutch cone from a phenolic reinforced 
with fibrous glass. Not just an ordinary phenolic, but one of 
the newer Durez phenolics . . . as unlike the plastics of the 
1950’s as are the cars of the two periods. 

It weighs only 4 ounces, yet it can transmit the full power 
of a 1960 engine to a 2'4-ton car. 

This is but one of many new phenolics for new uses in 
tomorrow’s vehicles. Others: 

Phenolics for service wet on the inside and dry on the 
outside ... hose connectors, for example. 

A medium-impact phenolic for distributor bowls or to en- 
close accessory motors. Or for air-cleaner bowls that don’t 
hum or rattle. 

Reinforced phenolics for oil-pump gears, transmission 
parts—for oil seals, bushings—phenolics that outwear metal 
and cost less. 

An important point to remember 


164 


When you design for phenolics, you almost always get a 
better part at lower cost ... even though lowered cost is not 
the immediate objective. Savings result from elimination of 
machining and other secondary operations. 

These newer, better phenolic formulations come in many 
combinations of properties to give you variety and versatil- 
ity. More important, Durez can promise uniformity in these 
formulations, so that what works today will work tomorrow. 
Our Bulletin D400 has much more to say on these subjects. 
Write for it. 


DUREZ PLASTICS DIVISION 


8110 WALCK ROAD, NORTH TONAWANDA, N. Y. a 
rtd 
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HOOKER CHEMICAL CORPORATION 
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Many outstanding improvements have 


Blood Brothers made this Hough Model H-90B Tractor 


Loader a proven leader in its field. Avail- 


Drive Assemblies help give able with 1%, 3 and 5 cubic yard capaci- 
ties, it offers a full 50° bucket-dumping 
power “‘nay-off’’ in angle, plus maximum lifting height and 


reach for loading large hauling units. 


The lower-front drive shaft and lower- 


rear drive shaft used on this latest equip- 
ment were manufactured to exacting 
specifications by Blood Brothers. It is 


typical of the many quality drive assem- 


blies Blood Brothers furnish for special 
equipment of all sizes. 
Rockwell-Standard’s Universal Joint 


Division offers a wide range of special- 


® ized engineering experience — involving 
everything from manual steering assem- 
blies . . . to power take-off drives . . . to 
heavy-duty propeller shafts. 


If you are planning or designing new 
equipment, consult our engineers for im- 
portant savings in time and money. A 
letter or phone call will bring coopera- 
tive, friendly, experienced assistance. 









Write for complete information 





ROCKWELL-STANDARD } 


CORPORATION 


Universal Joint Division, Allegan; Michigan 


F SAE JOURNAL, OCTOBER, 1960 165 





www SAE JOURNAL, OCTOBER, 1960 


75-MILLIONTHS OF AN INCH BARRIER 
HALTS METAL MIGRATION 


JUST BENEATH THE FRESH OVER- 
PLATE OF THESE F-M ENGINE BEAR- 
INGS (LEFT) LIES A TENUOUS DIFFU- 
SION BARRIER. Though this film of 


metal is only 75-millionths of an inch 
thin, it stops tin in the overplate from 
migrating into the lining metal beneath. 
Its presence is important to bearing over- 
plate performance, particularly during 
the critical period of engine break-in. 
Maintaining uniform thinness as well as 
uniform composition of the plated barrier 
is most important . . . and most difficult 
to achieve on a production scale. Federal- 
Mogul research has developed a unique, 
extraordinarily precise method for con- 
trolling both the thinness and the metallic . 
composition of this barrier, within nar- 
row limits. And the performance of F-M 
engine sleeve bearings attests to the 
success of the method! 





RESEARCH INTO ELECTROPLATING 
problems is a continuing project in the F-M 
laboratories. Unusual precision equipment 
and facilities are employed, many of which 
have been specially designed and engineered 
by F-M to solve problems of sliding-bearing 
application. As a result, Federal-Mogul en- 
gineered sleeve bearings, precision thrust 
washers, formed bushings, and low-cost 
spacers provide the finest pos- 


sible performance character- Have you a problem with bearings, bushings or washers? Are you considering the development or 
Fiperal redesign of an item of the type shown above? We'll be glad to show you how the job can be done most 
7) 





istics for "ye application. effectively and economically. For information, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan. 





sleeve bearings DIVISION OF 
“ pong em FEDERAL-MOGUL-BOWER 
MAME BEARINGS, INC. 
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Valves and controls 















2 
Modulating Valves * Remote Controllers 


- 


// ~~ 
Missiles Rosas 
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nics Cryogenics In 


Cryogenics 


m “Speed. Controls Solenoid Valves 


iy 
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Shutoff Valves High Temperature 
(electric and pneumatic) Air Motors 


¥ 





Fill and 
Drain 
Systems 






oe 





Special Applications Fuel Controls Pneumatic Actuators 
(De-icing Nozzle) : | 
ieneuasceEipahemeaee cia aiesctnidieneiiitedibapaalastacnaase 


AiResearch has produced more than one million high performance valves and controls 
for gases and liquids operating at temperatures from —420°F. to +2000°F. 
and pressures to 6000 psig. 
Reliability and compatibility of systems applica- more than 20 years of experience in valves 
tions are insured when all components are of and controls and the most complete testing and 
AiResearch design and manufacture—backed by _ production facilities available. 


Please direct your inquiries to Control Systems, 
AiResearch Phoenix Division. 


CORPORATION 


AiResearch Manutacturing Divisions 
Los Angeles 45, California * Phoenix, Arizona 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


THE 
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Mliniaturization 


Report No. 


What price automation? 


In view of today’s rising costs, the need for automation in the 
processing of engineering drawings is recognized as necessary. 
However, in the welter of claims and counterclaims for vari- 
ous miniaturization processes, a good deal of confusion has 
arisen around the relative merits of the 35mm and 105mm 
systems 


These facts need stating: Automation should not dictate film 
size; conversely, film size should not dictate whether or not 
automation is possible. 


To clarify these points: One should not necessarily install a 
35mm system on the assumption that it is the sole answer to 
high speed automated reproduction. To do this is to overlook 
the fact that the 105mm system is also capable of automation. 
And 105mm can often be automated without the expenditure 
of large sums of money for new processing equipment. 


35mm 


e Negatives in aperture cards 
e Punch-card retrieval 
e Automatic ‘‘dry-process’’ reproduction 


Both systems — 35mm and 105mm — have their place in the 
modern engineering reproduction department. (The K& E 
MICRO-MASTER® Camera-Projector takes and projects 
both film sizes.) However, if automation is the only basic 
consideration, the case for 105mm needs further emphasis. 
For example: 35mm aperture cards for information retrieval 
are designed to deliver negatives quickly and automatically. 
General practice, however, is to key-punch both the aperture 
card and a companion “tracer” card to prevent excessive 
negative wear in sorting. Selection of the aperture card is 
manual. (Tracer cards also provide 23 additional key- 
punch positions. ) 

Tracer cards can also be successfully used with a 105mm 
system. And only one card need be punched. Selection of 
negatives, as with aperture cards, is manual. 


From start to finish, let’s see how the two systems compare: 
105mm 


e Negatives in archival envelopes 
e@ Punch-card retrieval 
e Standard diazo reproduction 


PREPARATION AND FILING 


Same 





Tracer card key-punched 


Same 





ane : aiiiemaaal i : 
Aperture card key-punched, negative inserted in card 


Tracer cards and negatives filed 


Archival envelope machine numbered, negative inserted 


Same 


SEARCH AND DELIVERY 





Tracer card sorted to find location of negative 


Negative selected manually from file 


Distribution prints made from negatives on automatic 
“‘dry-process” printer at rate of 20 ft. per minute. 


SUMMARY: 


© Despite minor differences in procedure, preparation and filing take 


almost equal time (a matter of minutes). 


e Search and delivery take exactly the same time. 





Prints made from photographic intermediates on diazo 
machines at 60 ft. per minute. (Time spent in preparing 
intermediate offset by faster print speed of diazo.) 


Undoubtedly, if you are at all involved in engineer- 
ing reproduction, you will require more facts than 


could be furnished in this brief message. We have 


e In production, printing speed using 105mm negative and standard them —complete with cost comparisons — and will be 


diazo is as fast as automatic “dry-process”, or faster. 


e In short: both systems offer roughly equal speed and convenience 


pleased to furnish them if you will return the coupon 


below. 


CQ an nn a a SO Ss ss es = SS 


KEUFFEL & ESSER CO. 


NEW YORK + POBOK-=N, N. J. + DETROIT + CHICAGO 
MILWAUKEE + ST. LOUIS + DALLAS + DENVER 
SAN FRANCISCO + LOS ANGELES + SEATTLE »* MONTREAL 
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Name & 


KEUFFEL & ESSER CO., Dept. SJ-10, Hoboken, N. J. 


~] Please send information on the 105/35mm Micro-Master system 


Please have a K&E representative call 


Company & Address 


i 
i 
\ 
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i 
i 
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SPICER RUBBER ELEMENT SHAFTS CAN HELP YOU 
SOLVE YOUR TORSIONAL RESONANCE PROBLEMS 


If you are faced with the problem of torsional 
vibration from impulses within the operating 
range, Dana engineers may be able to help you 
solve your design problems. 

Spicer resilient propeller shaft assemblies 
have been used successfully for years in rapid 
transit cars, street cars, engine dynamometer, 
truck, bus, earthmover and passenger car ap- 
plications to solve difficult torsional problems. 

Spicer rubber-cushioned shafts make it pos- 
sible for design engineers to “tune out’’ the 
vibration and thus produce commercially 


The torsional flexibility limits the 
effect of high impact loads resulting 
from rough shifts and other sudden 
torque changes. 


The cushioning effect prevents clatter, 
rattle, and backlash noises. 


Increased life of bearings, gear teeth, 
splines, and other components due to 
the reduction of high impact and 
torsional loads. 


Reduction of noise transfer. 





acceptable installations. 
Spicer rubber-cushioned propeller shafts 
offer these additional advantages: 


ak WW 


Axial flexibility to cushion forces re- 
sulting from length changes. 


Product knowledge and years of experience are available to you through 
Dana engineers to help solve your torsional problems. Contact them today. 





International 295 Payscraper, equipped with a Spicer rubber 
element shaft, at work on the Interstate Highway System. 


SERVING TRANSPORTATION — Transmissions 
Auxiliaries e Universal Joints e Clutches e Propeller 
Shafts e Power Take-Offs e Torque Converters 
Powr-Lok Differentials e Gear Boxes e Forgings 
Axles e Stampings e Frames e Railway Drives 


<> DAMA 


CoRPORATION 
Toledo 1, Ohio 


Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 
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miniature DELCO POWER | 
TRANSISTORS 


id 


2 new 60-volt, 2 new 80-volt 





ACTUAL SIZE 






NOW, FROM DELCO RADIO, A COMPLETE LINE OF SMALL, HIGH-POWER TRANSISTORS! 


These four new Delco transistors, plus the 2N1172 40-volt model, 
offer highly reliable operation in a new range of applications where 
space and weight are restricting factors. 


Vv 
- Designed primarily for driver applications, Delco's versatile new 


transistors are also excellent for amplifiers, voltage regulators, 
servo amplifiers, miniature power supplies, ultra-low frequency 
communications, citizens’ radio equipment and other uses where 
substantial power output in a small package (TO 37) is required. 


Special Features of Delco’s Four New Transistors: Two 
gain ranges. Can be used on systems up to 24 volts. Can be 
mounted with the leads up or down with the same low thermal 
resistance of 10° C/W. Dissipation up to 2 watts at a mounting 
base temperature of 75°C. 


Available in volume production. Write for full engineering data. 


=LCO 









Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan PE Y 
1180 Raymond Blvd. 726 Santa Monica Bivd. 5750 West 51st Street 57 Harper Avenue DIO 
Mitchell 2-6165 EXbrook 3-1465 POrtsmouth 7-3500 TRinity 3-6560 
ELIABILITY 
Division of General Motors - Kokomo, Indiana 
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for a quality product 


use a quality ”“O” ring 





be safe with 


Precision “O” Rings are engineered specifically 

for your product! They're made to do the job better... 
longer. They meet all military and commercial 
specifications. Precision “O” Ring quality is maintained 
by over 100 inspections and quality control tests. 
There’s a size and compound to meet YOUR requirements. 
If it’s Precision — it’s Precision-made! 

Write, wire, or phone for data sheets or help 

of a Precision Sales Engineer today. 





®recision Rubber Products Corporation 
"O” Ring and Dyna-seal Specialists 





3110 Oakridge Drive, Dayton 17, Ohio Canadian plant at: Ste. Thérése de Blainville, Québec 
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Curtiss-Wright CW-226 with Hi-Torque brakes carries heavy loads, averaging 90,000 pounds of earth. 





Contractor gets trouble-free performance 
with Hi-Torque brakes on rough, hilly terrain 


Completely dependable brake performance, with high stopping power always avail- 
able, has been reported by Talbott Construction Company, Winchester, Ky. Talbott 
operates several Curtiss-Wright earthmovers with B.F.Goodrich Hi-Torque brakes 

On one project, the machines were in operation on rough, hilly terrain over a six 
months period, ten hours a day, six days a week. No adjustments, replacements, or 
maintenance of any kind was required. Dust and water are effectively sealed out, 
so the environment presented no ill effects. Automatic adjusters maintain proper 
clearance, adjust for lining wear. 

B.F.Goodrich Hi-Torque brakes cut stopping distance approximately in half, 
compared to conventional two-shoe brakes. These brakes are now available on 
heavy dump trucks, tractor -scrapers, coal haulers, mine trucks, and other heavy 
off-highway vehicles, from several manufacturers. For information ask your equip- 
ment maker, or write B.F.Goodrich Aviation Products, a division of The B.F.Goodrich 
Company, Department SJ- 10, Trov, Ohio. 





Hi-Torque brakes permit safe operation 
on faster cycles. 


B.EGoodrich Hi-Torque brakes 
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Over 400 Cataloged Thrust Bearings 
to fit your every need... 


Select from 7 


When you need a thrust bearing, no matter how special, ROLLWAY 
Rollway is ready with the know-how and the precision machinery Standard Types 
to design and produce it for you. designed, tested and 


Our engineers will gladly consult with you regarding any ready for production with 


standard or special-purpose types you need. No cost. No 
obligation. Rollway Bearing Co., Inc., Syracuse. N. Y. 


load capacities to 
4,800,000 pounds. 


Ask for Catalog 
Complete line of Radial and Thrust Cylindrical Roller Bearings PT-659. 


® ENGINEERING OFFICES: 
a 0 LL li 4 ha Syracuse * Boston * Chicago * Detroit * Toronto 
Pittsburgh * Cleveland © Seattle * Houston 
BE A 8 I N GS Philadelphia * Los Angeles * San Francisco 
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HERE'S ALL you bo! Unscrew the two fittings that join the 
Purolator GF-11 Filter to the fuel line. Throw away the 
dirty filter. Fasten in the replacement. Now you're ready 
for 5,000 miles of efficient, trouble-free fuel filtration. Total 
time involved? Less than 5 minutes. 


MOTORS RUN SMOOTHER... Because this Micronic® filter 
removes dirt, metal, rust, scale and gum...even micro- 
scopic particles down to 5 microns. 

ADAPTABLE TO ALL GASOLINE ENGINES. Purolator fuel filters 
like the GF-11 shown above, are standard equipment on 
most 1960 cars. However, it can be incorporated into the 
fuel system of almost any gasoline engine — automotive, 
portable or marine. 

MORE ADVANTAGES. Easy installation and replacement is a 
big reason for the popularity of the Purolator GF-11 Fuel 
Filter. But here are more: 


Filtration 
for Every 
Known Fluid 
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*PEAK EFFICIENCY. Because Purolator replacement filters 
are inexpensive, and easily installed, chances are they'll be 
replaced at proper intervals — and always work at peak 
efficiency. 
° LONGER SERVICE LIFE. Because of the special pleated con- 
struction of the filtering unit, the GF-11 has fully 70 square 
inches of filtering surface. It operates longer at peak 
efficiency. 
*COMPACTNESS. The GF-11 measures about 3” by 1%”. It 
can be installed either horizontally or vertically. 
*veRSATILITY. The GF-11 Filter can be installed as an 
O. E.M. item on practically any gasoline-engine — from 
sport cars and garden tractors to power mowers and 
midget racers. 

For complete information on the GF-11 and other Purolator 
filters, write to Purolator Products, Inc., Department 3849, 
Rahway, New Jersey. 


PUROLATOR 


PRODUCTS, INC. 


Rahway, New Jersey, and Toronto, Ontario, Canada 
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GEAR STEEL has no secrets here 


This instrument provides three 
ways to examine the micro 
structure of steel. 

1. View it on the screen. 


2. Examine it th rough a microscope. 


3. Then take its photo for a perma- 
nent record. 


Thus, chemical constituents can 


EATON 


be analyzed, hardness patterns 
detected, and precise control of 
heat treatment can be determined. 

This is one of many details of 
gear manufacture and inspec- 
Double 


Diamond gears their reputation 


tion that have won 


as gears thoroughly qualified 


for high level performance in 


any application for which you 
buy them. 

Our representatives are gear 
specialists and designers. May 
they “talk shop” with you now, 
or whenever you want to learn 
more about the right gears for 
your product? 

Just write or phone. 


AUTOMOTIVE GEAR DIVISION 


MANUFACTURING CcCcCOMPAN Y 


RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 


GEAR-MAKERS TO LEADING MANUFACTURERS 
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He’s looking for tomorrow’s headlamp 


The purpose of this scientific analysis is to develop more 
efficient headlighting for the cars of tomorrow . . . head- 
lighting that will meet the exacting, yet divergent demands 
of higher speed turnpikes and heavier in-city traffic. 


Here 'Tung-Sol research and development engineers com- 
pare the headlamp beam pattern produced by a newly 
designed sample lens (right) with that of a standard pro- 
duction model by the use of special aiming heads under 
laboratory conditions. 


This continuing project is an example of the research and 
development that keeps Tung-Sol to the fore in the quality 
mass production of headlamps. It is historical fact, too, 
that Tung-Sol has made significant contributions to major 
headlighting improvements since the turn of the century 
when it produced the first successful electric headlamp. 
Automotive Products Division, Tung-Sol Electric Inc., 
Newark 4, N. J. TWX: NK193. 
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GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
® GEAR-MAKERS TO LEADING MANUFACTURERS 
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Geared by Fuller 








. Transcon’s White-Freightliner Tractors, featuring Cummins NH-220 Diesel Engines and Fuller 5-CA-72 5-speed 


Transmissions, help speed shipments along routes extending from the Pacific Coast as far east as Chicago and Atlanta. 


Lightweight Freightliners boost £4-¢ranscon’s 
payloads with 5-CA-72 transmissions 


*® Aluminum case and clutch housings 


To combine maximum performance 
with increased payloads, Transcon 
Lines, Los Angeles, recently pur- 
chased 100 White-Freightliner Diesel 
Tractors equipped with Fuller 5-CA- 
72 Transmissions. The 5-speed Trans- 
missions help Transcon carry bigger 


payloads because the aluminum alloy 
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FULLER 


case and clutch housing of the 5-CA- 
72 cut transmission weight 93 pounds. 

The Fuller Transmissions have 
proven reliable, too. Transcon has 
been able to extend preventive main- 
tenance transmission rebuild cycles 
from 150,000 to 275,000 miles be- 


cause of trouble-free 5-CA-72s. 








®- 


Unit Drop Forge Div., Milwovkee 1, Wis. * Shuler Axle Co., Louisville, Ky. (Subsidiary) * Soles & Service, All Products, West. Dist. Branch, Oakland 6, Cal. and Southwest Dist. Office, Tulsa 3, Okla. 
Automotive Products Company, Ltd., Automotive House, Great Portiond Street, London W.1, England, Evropean Representative 


TRANSMISSION DIVISION 
MANUFACTURING COMPANY 


KALAMAZOO, MICHIGAN 
Subsidiary EATON Manufacturing Company 


Transcon’s satisfaction with the 5- 
speed lightweight transmissions is 
emphasized by the fact that the com- 
pany’s line equipment is equipped 
entirely with Fuller Transmissions. 

Ask your truck dealer about the 
Fuller which is engineered to put 


more profit in your operation. 





177 











176 


Ze eww eS, ww eeen *r 





Unique R/M friction blocks float free in this clutch lining retainer of the air clutch and brake on a giant 4000-ton Danly press. 


How R/M friction blocks with special 
structural core licked high shear and abrasion 


Engineers of Danly Machine Special- 
ties, Inc., Chicago, and friction special- 
ists of Raybestos-Manhattan collabo- 
rated in the development of a special 
“core-type”’ free-floating friction block 
to solve a problem involving high shear 
forces and abrasion. 


Design reduces inertia 
Danly’s exclusive air clutch and brake 
used on mechanical presses from 25- 
to 4000-ton capacity greatly reduces 
start and stop inertia, with correspond- 
ing reduction of wear on friction sur- 
faces. The standard design employs 
blocks of solid friction materials. These 
blocks float freely in openings in the 
clutch and brake lining carriers. 

For severe service applications it was 
necessary to find a material which 
would stand the high shear and com- 
pressive forces at the points where the 
friction material was supported in the 
steel carrier. 

The problem was solved by the devel- 
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EQUIPMENT SALES DIVISION: Bridgeport, Conn, « 


opment and application of a special 
high structural strength organic core 
(Pyrotex) to combat shear and abra- 
sion. The *4-in. core is sandwiched 
between two %¢-in.-thick facings of 
asbestos friction material which gives 
high impact strength, excellent wear 
resistance, and is non-abrasive. It also 
has high compressive and shear strength 
with high-temperature stability. 

This is another example of R/M’s 
ability to adapt proven friction mate- 
rials for special shockloading, stress or 
wear applications. Only R/M manu- 
factures all types of friction materials 
—your assurance of sound, unbiased 
advice on the material best suited to 
vour application. 


Experience, service 
To take advantage of R/M’s more 
than 50 years of friction experience and 
its outstanding service—just phone or 
write. A sales engineer can be at your 
desk within 24 hours. 


Chicago 31 





Special friction block—Two 
¥%-in.-thick facings of asbestos 
friction material are bonded to 
a %-in. Pyrotex structural core. 


You will find this R/M Bulletin 
501 packed with useful engi- 
neering data on friction mate- 
rials. Why not write for it today 
—no obligation. 





RAYBESTOS-MANHATTAN, INC. 


« Cleveland 16 « Detroit2 «+ Los Angeles 58 
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The timing chain in your car is most likely built by 
Morse. Practically all American and Canadian auto- 
motive engineers specify this make. These men know 
from experience that with Morse precision-built timing 
chain they get 40% less elongation than with any other 
make. That means more accurate engine timing for 
thousands of miles beyond normal engine life expectancy. 


To accomplish this higher durability, Morse chain 
design uses bar-link construction on every other pitch. 
Locked linkage of this type prevents chain from stretch- 
ing in spite of wear. Improved materials and the latest 
statistical control of metallurgical processes supplement 
the bar-link advantages to insure split-second timing 
for thousands of additional miles. 
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Reasons like these explain why engine builders cannot 
buy a quieter, more dependable timing chain anywhere 
else in the world. For further information on the chain 
that cuts elongation 40% write: Morse Chain Company, 
Dept. 12-100, Detroit, Michigan; or Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, Ill. In 
Canada: Morse Chain of Canada, Ltd., Simcoe, Ont. 


T.M 


A BORG-WARNER INDUSTRY 











Air assist suspension 
by Mather about 550 A.D. 






Back in the “‘“Good Old Days” of 
King Arthur, when chivalry was in flower, 


i ive M 7 a this little equalizer would have been 


“‘ioust about the last word”. 









sO LVE Even though Mather engineers weren't 
available then, the entire Mather team . . . 
engineering, research, design and 


4 0 it 4 manufacturing has been available to suspension 
_ users for over 50 years; so if you need 


SUSPENSION their help, please call CH 3-3201. 
Tite MATHER 


THE MATHER SPRING COMPANY 
i 0 0 TOLEDO, OHIO 
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You'll form it faster with because...one machine pass 
can take you from brass strip or sheet to a completely formed pen cap, 
hose coupling, lighter case, lamp base or similar shape. And Western 
Brass offers a special advantage. Users will tell you that our skill in 
annealing and rolling actually gives them more strip per dollar... more 
good parts per pound. You'll make it better with ductile, formable brass. 
You’ll make it best with “tailor-made” Western Brass. 


bA oun MATHIESON * METALS DIVISION » EAST ALTON, ILL., NEW HAVEN, CONN. 
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SILICONE NEWS from Dow Cornincac 











SAFETY 
FIRST 


for our 
school children 


This has been provided in the new 
Kelsey-Hayes “Three-Way Safety 
Brake System.’ Now in public 
school bus fleets, it provides three 


extra safeguards against possible 
braking failures. 


Universally designed for all buses 
this latest product of Kelsey-Hayes 
research and development is now 
available for buses, trucks and 
passenger cars. Kelsey-Hayes 
Company, Detroit 32, Michigan. 


KELSEY 
HAYES 
CGOMPANAY 


Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 


184 PLANTS: Detroit and Jackson, Michigar 

Los Angeles; Philadelphia and McKeesport 

Pennsylvania; Springfield, Ohio; New Hartf 
. a; 


and Utica, New York; Davenport, low 


Windsor, ¢ 
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SILICONE NEWS from Dow Corning 






fluorosilicone rubber 


Mem OTSA IAT ROTI E 4 
design. problems in sealing 
solvents, oils and fuels at 


temperatures from —100 to 350 F 





Send for brochure detailing the benefits 
of Silastic” LS, the Dow Corning fluoro- 


silicone rubber . . Address Dept. 9501 Dow Corning CORPORATION 


MIDLAND. MICHIGAN 








° SPECIAL NOTICE — 
TO ALL PAST, PRESENT AND PROSPECTIVE EXHIBITORS IN 
SAE’s INTERNATIONAL EXPOSITION OF AUTOMOTIVE ENGINEERING ’ 


PLAN NOW ror your move 


TO DETROIT’S COBO HALL IN 1961... 
Here’s What Ward’s Automotive Reports Have to Say About the Move: 
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HERE’S WHAT 


MARKET PLACE 


SAE Annual Convention Booked at 
Detroit’s Cobo Hall, 1961-1965 


The Society of Automotive Engineers has engaged 
Detroit’s Cobo Hall for its annual conventions from 
1961 through 1965. 

The move will give SAE the opportunity of spon- 
soring what could be the most prominent automotive 
engineering display in the country and would un- 
doubtedly add authority to Detroit’s standing as the 
motor capital of the U.S. and heart of the industry. 

The modern Detroit Civic Center site, currently 
under construction in the city’s bustling downtown 
waterfont section, is scheduled for opening in August, 
1960. 

January Dates Set 

The SAE business dates firmed up at this time fo1 
the 1961-1965 conventions are: 1961 — Jan. 9-13; 
1962 — Jan. 8-12; 1963 — Jan. 14-18; 1964 — Jan. 
13-17; 1965 — Jan. 11-15. 

Cobo Hall will provide the SAE sessions with 
100,000 sq. ft. of exhibit space contrasted to just 
over 10,000 sq. ft. at Detroit’s Sheraton-Cadillac 
Hotel, where the January meeting was held this year 

Membership Swells 


It would not be unlikely that SAE will rent exhibit 
space during its convention to various trades con- 
nected with the auto industry for individual expo- 
sitions. 

Textile manufacturers and leather firms would be 
able to set up equipment to detail their fabric-making 
processes; rubber makers could show how a tire is 
made; similar exhibits could be allotted to the re- 
placement parts business; car manufacturers, them- 
selves, might devise cutout working models of engines 
or even entire automobiles or trucks in simulated 
motion. 

The whole SAE affair could, in fact, house minor 
conventions for just about every engineering trade 
allied with the automotive and accessories business 

SAE’s expanding membership has been a primary 
factor in the society’s search for larger convention 
quarters. As of Jan. 1, there were 23,000 members, 
with the count swelling every month. 

Excerpt—Wards Automotive Reports 
March 30, 1959 





YOUR 1961 
AUTOMOTIVE 


LOOKS LIKE: 


it's an 


Why Not an Automotive Engineering 
World’s Fair at Detroit’s Cobo Hall 


Such a structure as Cobo Hall, situated as it is in 
the manufacturing heart of the auto industry, could 
be a perfect place for a gigantic technical exhibition 
—practically a world’s fair of automotive engineer- 
ing — sponsored by the Society of Automotive 
Engineers. 

What a progressive industrial advance would be 
made by SAE’s promotion of a colossal automotive en- 
gineering convention-exhibit, particularly with such 
a valuable location as Cobo Hall available! 

Suppliers Could Participate 


Parts makers, rubber and tire firms, textiles and 
leather companies, the metals trades — all of these 
groups and everyone else with a piece of automotive 
equipment to show or sell could be provided with the 
space sufficient to properly present and if necessary, 
demonstrate his advanced design product. 

Cobo Hall’s foundations are strong enough to hold 
heavy equipment such as huge body element stamping 
presses and various types of rugged metal working 
machines. The machinery could turn out stampings 
or tools right in the exhibit area. 

If SAE could come up with such a spectacle it 
would certainly sweep crowds into Detroit, throngs 
from various areas of industry and business. The 
affair could, in fact, house minor conventions for 
every technical trade allied with the auto and acces- 
sories field. 

SAE selected Cobo Hall for 1961 and subsequent 
conventions not only because of its vast exhibit area 
but for other accommodations as well, including 
several meeting rooms that seat over 500 persons and 
a banquet and adjacent room that can hold and serve 
over 5,000. Excerpt—Ward’s Automotive Reports 
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New 


Interchangeable 
BORG & BECK 
Clutches tor Fleets, 


Police Cars, Taxis 


More Capacity—no increase in 
bolt circle or flywheel size 


Now there’s no need to change the bell housing, fly- 
wheel, motor mounts or pedal linkage when convert- 
ing cars for fleet, police, taxicab or other heavy duty 
service. Borg & Beck’s new A5 clutches are designed 
specifically for these installations, as well as for trucks 
and school buses—provide the additional capacity re- 
quired, yet are interchangeable with the next smaller 
size of Borg & Beck Types A7, A8 or A9 clutches. 

Type 10A5, for example, mounts on the same fly- 
wheel bolt circle as Type 9A7—yet is rated at 265 ft.- 
lbs. torque capacity compared with 210 ft.Ibs. for 
the 9A7. 

Like all Borg & Beck clutches, the new Type A5 
clutches are designed, engineered and built to Borg & 
Beck’s leadership standards for quality, performance 
and value. That’s your assurance of complete satisfac- 
tion. Consult our engineers for full details. 


‘Site 
“oe 


gS 


Can 
Reg U.S Pot Off 


BORG-WARNER , THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
























AT NATIONAL AUTO SHOW — 
NEW COBO HALL IN DETROIT—OCTOBER 15-23, 1960 


Wherever you look at the National Automobile Show, you'll see Molded 
Fiber Glass parts on cars and trucks! Specifically, ten different manu- 
facturers are using MFG parts on 21 models of 1961 vehicles. 

WHY this growing popularity of Molded Fiber Glass? Here’s why: 


* Reduced weight— approximately 40% less. 


¢ Fast tooling time—new models a year sooner by tooling up 
faster, cheaper, better. 


¢ Large complex moldings -— for less cost, fewer pieces, 
eliminate assembly problems and possibility of squeaks. 


MOLDED FIBER GLASS is exceptionally strong; impact re- 
sistant; rust-proof and impervious to salt and other road chemi- 
cals; warm in winter; cool in summer; quiet! 


You deserve the full story. Learn how you can speed production, 
save money, make a better product with MFG. Write for details. 


Cary 


MOLDED FIBER GLASS BODY COMPANY 


4639 Benefit Avenue — Ashtabula, Ohio 
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Warner muscle makes mincemeat of mesquite 


ROTARY CUTTER CLEARS OVER 5 ACRES PER HOUR—THANKS TO RUGGED NEW GEAR 
BOXES THAT ABSORB HEAVY SHOCK LOADS—AND TRANSMIT MAXIMUM POWER 


To increase performance and so cut costs for owners, 
E. L. Caldwell & Sons specify 40 H.P. gear boxes— 
engineered and manufactured by Warner Automotive 
— America’s largest supplier for rotary cutters. 


Warner experience in design and production of tough, 
trouble-free power transmissions increases equipment 
life, adds to reliability and salability. 


The WA 47 series speed increaser gear box—with in- 
put and output shafts and gears of integrally forged 
8620 carburized and hardened alloy steel—owes its su- 
perior durability and efficiency also to anti-friction bear- 
ings individually calculated for specific loads. 


MATERIAL 
Up to 2” 
Up to 2” 


CAPABILITY 
146 A/Hr. 
3% A/Hr. 
5% A/Hr. 
For the Lilliston rotary cutter, the manufacturer speci- 
fies the 75 H.P., 57 series gear box—a heavy-duty per- 
former which proves the advantages of Warner Auto- 
motive’s precision manufacture and quality control. 
Rugged gears and shafts of 8620 alloy steel—care- 
fully splined together—put maximum power at the pay- 
off point of production. 
Put Warner Automotive know-how and production 
efficiency to work for you. 


WARNER AUTOMOTIVE DIVISION 


BORG-WARNER CORPORATION Auburn, Indiana 
Export Sales : Borg-Warner International, 36 S. Wabash Ave., Chicago, Illinois 








ACTUAL TESTS PROVE: 


vew STOPMASTER BRAKE : 


the most advanced brake 
design in 30 years! 


Over three years of thorough and 


demanding road tests have proven the AVERAG 
superiority of the new Rockwell-Standard Aion E REsu, 
Stopmaster Brake. Of its many Way Ts 


new improvements the Stopmaster 

incorporates these major advantages to IS 2 pi 
meet the modern trucking industry’s 1h; 
demand for a more efficient, 

more dependable brake. 



























New Stopmaster 
actuation principal 
results in higher braking 
efficiency with less input. 
In dual actuation design 
both shoes do an equal 
amount of work over the 
entire lining surface. 

This balanced shoe action assures 
more dependable service; faster, 
surer stops; less maintenance. 


New Stopmaster 15” diameter 
permits increased air circulation 
between brake drum and wheel rim. 
This results in cooler operating 
temperatures ... less heat fade, 
longer lining life, longer drum 
life. Smaller diameter 

means less weight. 





y The Stopmaster 15” Brake is "Sives 
available with either air or hydraulic . 

actuation ... also up to 30” diameter, with 

hydraulic actuation for heavy-duty, off-highway vehicles. 






ROCKWELL-STANDARD 


CORPORATION 


Brake Division, , Ashtabula, Ohio 
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HEADS OR TAILS ... OR IN BETWEEN 


YOU NEVER GAMBLE WITH AMP. Electrical connections that stand up to formidable vibration, 
heat, cold and corrosion . . . Consistent circuit reliability and low cost . . . Attachments for 
every type of automotive circuit application . . . Solderless crimping by Automachine, portable 
power tools or hand tools . . . There’s no gambling when you specify AMP for every electrical 
connection from head lamp to tail light. (A) FASTIN-FASTON HEAD LAMP CONNECTOR For two 
or three tabs. Readily disconnectible for easy assembly and saving time. Cycolac housing. 
(B) SPECIAL WIRING DEVICES Automotive ring tongue and spade tongue terminals, Faston tab 
and receptacle units and Shur plugs, all to help you with your special single-circuit attach- 
ment requirements. (C) FASTIN-FASTON HARNESS CONNECTOR Two styles available: the 
T-shaped housings for two circuits and the standard housing for six circuits. Quick connect/ 
disconnect of harnesses. Panel mounted or free hanging. Tab width: .250”, .205”, .187” and 
.110”. (D) BUTTON CONTACTS Positive registry for light sockets. Wire insulation support 
increases vibration resistance. Permits easy locking of bulb. Write today for more information. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada » England « France « Holland « Italy » Japan « West Germany 
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Piggyback trailer with underframe of USS High-Strength COR-TEN Steel fabricated by A.O. Smith Corporation. The trailer was built for the Wabash Railroad. 


It takes a stiff backbone to ride piggyback 


Piggyback trailers must take rough handling and abnormal loading—and while they need to be light for maximum 


payload, the frame must be extra strong to prevent damage. 

To solve this problem, USS Cor-TEN High-Strength, Low-Alloy Steel is used for the two 40’ long underframe 
side rails of these piggyback trailers. The steel was fabricated by the A. O. Smith Corporation, Milwaukee. USS 
Cor-TEN Steel has been used for trailer frames ever since it came out in the early 1930’s. It’s the best steel on the 
market for this type of application, especially where you are shooting for low maintenance costs and minimum 
repair demands. These are made possible because of Cor-TEN’s high resistance to atmospheric corrosion and 
additional strength. USS Cor-TEN offers a mimimum yield point of 50,000 psi compared to 33,000 psi for the 
steel previously used. 

After the last war, the emphasis was on maximum load with minimum truck and trailer weight. But as mainte- 
nance and repair costs mounted, mariy members of the trucking industry realized that only steel could provide the 
strength necessary to maintain low cost service life for their trailers. USS Cor-TEN has solved the problem. 

For railroad cars. USS Cor-TEN Steel has long been used, not only to reduce dead weight and add strength, 

but also to provide extra life. Its atmospheric corrosion resistance is 4 to 6 times that 
of structural carbon steel. Paint lasts considerably longer on Cor-TEN Steel and 
resistance to fatigue and abrasion is high. USS MAN-TEN and Tri-TEN High-Strength 
Steels are two other brands that can help to reduce weight in your cars. For more 
information about all three USS High-Strength Steels, write to United States Steel, 525 
William Penn Place, Pittsburgh 30, Pennsylvania, or contact our nearest sales office. 


USS, COR-TEN, MAN-TEN and TRI-TEN are registered trademarks 


United States Stee! Corporation—Pittsburgh 
American Stee! & Wire—Cleveland 
Columbia-Geneva Stee|—San Francisco 

Tennessee Coal & iron—Fairfield, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 


This mark tells you a product is made 
of modern, dependable Steel 





YOU CAN’T BEAT AC FOR PRODUCT KNOWLEDGE 


Here’s a new twist 
for your Air Cleaner problems 


If the products you manufacture use air cleaners, let AC’s 35 years of air cleaner 
know-how assist you. Consider these facts: AC air cleaners are used as original 
equipment by 39 engine builders .. . AC has produced over 2492 different kinds of 
air cleaners ... AC has 23 highly trained engineers working on air cleaners exclu- 
sively...AC air cleaner engineers spend over 2700 hours annually working 
directly with customers on experimental development ... AC air cleaners are 
continually and periodically tested on a fleet of 540 cars ...AC has a complete 
staff of skilled technicians working on prototype air cleaners and customer samples. 


Call the nearest AC office below. You’ll get fast ACtion at AC! RELIABLE PRODUCTS 


AC SPARK PLUG # THE ELECTRONICS DIVISION OF GENERAL MOTORS HELP YOU SELL 


FLINT— 1300 No. Dert Hwy. CHICAGO—7074 N. Western DETROIT —General Motors PHILADELPHIA—7 Bala Ave. LOS ANGELES — 7666 Tele- 
CEdar 4-5611 Ave. ROgers Park 4-9700 Bidg. TRinity 5-9197 MOhawk 4- 1980, Bata-Cynwyd graph Rd. RAymond 3-5171 
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12 NEW and 8 REVISED 
UU Tas ek a Aeronautical Standards, Recommended 
TRACTORS CONSTRUCTION EQUIPMENT Practices and Information Reports 


BUSES FIRE ENGINES were Issued 
SHOP TRUCKS BOATS 


: on July 15, 1960 
rt LN Le 
TRUCKS aaa os 


; : 54 NEW and 24 REVISED 
EARTH MOVERS AGRICULTURAL EQUIPMENT e ° ege . 
ays GENERATOR SETS Aeronautical Material Specifications 
were Issued 
June 30, 1960 
For further information please write 
SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
485 LEXINGTON AVE., NEW YORK 17, N. Y. 
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release built in. Delivers more gallons per hour. Prevents 
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AIRCRAFT ENGINEERING 
Bendix-Elmira SAE JOURNAL 


ECLIPSE MACHINE DIVISION 


——— gph ic 485 Lexington Ave., N. Y. 17, N. Y. 


MOBILE RADIO TELEPHONE 
FOR AUTOMOTIVE USE 


This report is a ré 


psolete 


nd mobile radi 
pply the equipment 
with useful data. This report contain: 
General Inforn for Phys 
sions, Equipment and Space Require- 
ments, Vehicle Power Supply System, 
Installation and Maintenance, User's 
Price: $1.50 to members Manual at Base Station, User's Manual 
$3.00 to non-members at Mobile Station, and Selective Calling 


31 Dimen 


Society of Automotive Engineers, Inc. 485 Lexington Ave. New York 17, N. Y. 
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IN A RAPIDLY INCREASING NUMBER 
OF MANUFACTURING OPERATIONS, 
THE ANSWER IS YES... bonding can do 
a better job and can do it at less cost! Rohr is 

a pioneer in adhesive bonded metal techniques 
and structures and is projecting this 
unparalleled capability to the solution of many 
new manufacturing problems. 


icaa bes ty Seoes, Soumeaeaa ae 


superior qualities of bonding. 


These examples are but a few of the many ways 
that metal bonding is doing a better job. For 
more information about this, or other Rohr 
capabilities, write Mr. A. R. Campbell, 

Sales Manager, Department 4, Rohr Aircraft 
Corporation, Chula Vista, California 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: 
RIVERSIDE, CALIF.; ASSEMBLY PLANTS: WINDER, GA.; AUBURN, WASH. 
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“LIPE CLUTCHES 


play an important part in keeping this fleet rolling ”? 


Philo Edsall, Supervisor of Maintenance for 
Penn Yan Express, Penn Yan, New York, sayss 


“I recently took time out from regular duties 
to review our maintenance records in order to 
determine which replacement parts were giving 
us the best performance and service. 

“I particularly noted the outstanding endur- 
ance of Lipe Rollway Clutches and I thought 

you would be interested in know- 


ing of our experience. 


*There is a Lipe Clutch to meet 


Penn Yan Express, Inc., operates a fleet of 60 
heavy duty tractors, hauling maximum pay 
loads over a five state area with all kinds of 
highways and weather conditions, traveling in 
excess of three million miles annually. Lipe 
clutches have played a tremendously important 
part in keeping this fleet rolling. Our records 
indicate Lipe Clutch performance to be in ex- 
cess of 175,000 to 200,000 miles.” 


The experience of this fleet is another illustra- 


the trend is to LIPE! 


tion of why .. 


requirements of vehicles 18,000 Ibs. 


G.V.W. and up; for torque 


capacities from 200 to 3000 ft. Ibs. 


For application assistance and 
specific data, contact the 
Company direct. 


e's 


corRPORATIO 


YR ACUSE 
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KUNA 


This is the first in a series of advertisements 
illustrating some of the factors which combine to 
give Hepolite products their superior qualities. 
Production processes at Hepworth & Grandage 
factories are carried out to within such fine limits 
that their control requires instruments capable of 
checking measurements down to 1/100,000°. The 
picture shows a Zeiss horizontal optimeter being 
used for this purpose. 


aia rerag is 


unequivocal scrupulous... 


. . such workmanship is our pride. It is also your assurance 

that Hepolite pistons, gudgeon pins, piston rings and cylinder 
liners are as reliable and economical in operation as man can 
possibly make them. AHepolite deserves your confidence. 
Hepolite engine components are fitted as standard equipment 
in most British cars, and the range of Hepolite pistons, pins, 
rings and cylinder liners is the most comprehensive in the 


world. 


the first law of engine economics 


HEPWORTH & GRANDAGE LIMITED, BRADFORD 4, ENGLAND. 
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SHELL MOLDED EFFICIENTLY WITH 


RG] FOUNDREZ RESIN! 


Ford is mass-producing Falcon crankshafts by the shell 
mold process — a method as modern as the compact car 
itself. 


And an RCI phenol-formaldehyde FouNpbREz resin is 
used extensively to produce the shell molds for this 
important Falcon casting. 


This combination of process and resin provides an 
economy born of efficiency. Here’s why! 


The shell mold process offers specific advantages: 
e pattern dimensions can be reproduced more exactly 
@ castings have closer tolerance, require less machining 


e@ shell molds are portable and use less sand 


e in fact, foundry efficiency, flexibility and production 
rate are increased 


And RCI Founprez resins are ideal for shell mold appli- 
cations because: 


e RCI isa basic producer of both phenol and formalde- 
hyde, which guarantees quality control from raw 
material to finished product. 

RCTYs experience, gained during 35 years of diversi- 
fied synthetic resin manufacture, assures expert tech- 
nical service. 

The advantages of shell molding may apply on one of 


your foundry jobs. Write to RCI Foundry Division for 
detailed information on FOUNDREZ resins. 


coRCiment — Core Oils 


ij REICHHOLD 2233: 
Pie 5 PRODUCTS 
Creative Chemistry .. ) 


Your Partner in Progress’ “ 


FOUNDREZ — Synthetic Resin Binders 
COROVIT — Self-Curing Binders 


CO-RELEES — Sand Conditioning Agent 
REICOTE — sand Coating Agent 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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AUTOMOTIVE ENGINEERING 
| | a 
at 


®&XPOsITIO 


Hundreds of companies to participate in 


COBO HALL 
DETROIT 


JANUARY 9-13, 1961 


SAE International Exposition 
of Automotive Engineering 


EXPOSITION ALREADY 65% “SOLD OUT”! 


OOTH contracts are pouring in from practically every major manufacturer of “hard- 
ware” for ground and flight vehicles for space in a giant “Exposition” to be held in 


Detroit, January 9-13, 1961. 


For the first time in recent years, SAE’s annual meeting — the INTERNATIONAL CON- 
GRESS AND EXPOSITION OF AUTOMOTIVE ENGINEERING — will be housed under one 


roof. 


The site will be Detroit’s spacious new Convention Center, the largest in the world. 


Some of the companies who have already contracted for space are: 


Aeroquip Corp. 

Al-Fin Corp. Whitfield Laboratories 

Allegheny Ludium Stee! Corp. 

Allen industries 

Aluminum Co. of America 

American Bosch Arma Corp., 
Division 

American Metal Products Co., Unison-Action Seat 
Division 

American Sealants Co. 

American Standard, Detroit Controls Division 

Ampex Data Products Co. 

Anchor Coupling Co., Inc. 

Armco Steel Corp., Armco Division 

Associated Spring Corp. 

Automotive Industries 

Automotive Rubber Co., Inc. 

The Bendix Corp. 

Bendix-Westinghouse Automotive Air Brake Co. 

Bolling Wheel G Axle Division, Anderson Bolling 
Mfg. Co. 

Borg-Warner Corp. 

Robert Bosch Corp. 

Bostrom Corp. 

The Budd Co. 

Chelsea Products, Inc. 

Chicago Rawhide Mfg. Co. 

Chrysler Corp., Marine G Industrial Engine 


Division 
Cities Service Oil Co. 
Cummins Engine Co., Inc. 
Curtiss-Wright Corp., Santa Barbara Division 
Ciayton - Co. 
Cleveland Graphite Bronze Division of Clevite 


rp. 

Continental Motors Corp. 

Crucible Steel Co. of America 

Dana Corporation 

Danielson Mfg. Co. 

Dayton Industrial Products Co., Automotive Oem 
Dept., Division of Dayco Corp. 

Danco 

Delavan Mfg. Co. 

Detroit Aluminum and Brass Corp. 

The Dole Valve Co. 

E. |. Du Pont De Nemours G Co. (inc.), Elastomer 
Chemicals Dept., Polychemicals Dept. 

Dualoc Drive, inc. 

Dynamic Filters Inc. 

Elastic Stop Nut Corp. of America 

The Electric Autolite Co. 

Enfab, Inc. 

Engineering Castings, Inc. 

Enjay Chemical Co. 

Evans Products Co. 


American Bosch 


SAE JOURNAL, OCTOBER, 1960 


Fawick Corp., Fawick Brake Division 

oo Corp., Subsidiary of Calumet G Hecla, 
nc. 

Ford Motor Co. 

Formsprag Co. 

Fram Corp., Mfrs. Sales Division 

Carlock, Inc. 

The Garrett Corp. 

Garrison Mfg. Co. 

General Motors Corp., New Departure Division 

General Motors Corp., Detroit Diesel Engine 
Division 

Ceneral Motors Corp., AC Spark Plug Division 

General Radiator, Inc. 

Cillett G Eaton, Inc. 

Hartford Machine Screw Co., Division of Standard 
Screw Co. 

Harvey Aluminum 

Heli-Coil Corp. 

Hercules Motors Corp. 

Hexcel Products, Inc. 

Heyer Industries, Inc. 

Higbie Mfg. Co., Avon Tube Division 

Huck Mfg. Co. 

IMinois Tool Works — Shakeproof, Fastex & 
Spiroid Divisions 

The Industria! Press 

The International Nickel Co., Inc. 

The International Nickel Co., Inc., Ductile tron 
Division 

Jack & Heintz, Inc. 

Jam Handy Organization 

Jones & Loughlin 

Johnson Bronze Co. 

Kaiser Aluminum G Chemical Sales, Inc. 

Kelsey-Hayes Co. 

Kistler Instrument Corp. 

Kolene Corp. 

Kysor Heater Co. 

Ladish Co. 

Lake Shore Engineering Co. 

Lapeer Mfg. Co. 

Lear, Inc. 

Leece Neville Co. 

Lipe-Rollway Corp. 

Link-Belt Co. 

Lisle Corp. 

Lord Mfg. Co. 

McLouth Steel Corp. 

Metal Powder Industries Federation 

Midland-Ross Corp., Owosso Division 

Minnesota a & a Co. 

Misco Precision Casting Co., Division Howe 
Sound Co. 


Molded Fiber Class Body Co. 

Monarch Tool G Machine Co. 

Monroe Auto Equipment Co. 

Muskegon Piston Ring Co. 

National Lead Co., Doehler-Jarvis Division 

George L. Nankervis Co. 

W. H. Nichols Co 

Novo Industrial Corp., United Specialties Division 

Novo Industrial Corp., Mitchell Division 

Owens-Corning Fibergias Corp. 

Parmatic, Inc. 

Perfex Corp. 

Radiation, Inc., Defense Products Division 

Raybestos-Manhattan, Inc. 

Republic Steel 

Reynolds Metals Co. 

Rinshed-Mason Co. 

Robertshaw-Fulton Controls Co., Fulton Syiphon 
Div.sion 

Rockwell-Standard Corp. 

Roller Reinforced Plastics 

Ross Gear and Tool Co., Inc. 

The Satullo Co. 

Sealed Power Corp. 

Sharon Stee! Corp. 

Shell Oil Co. 

R. H. Sheppard Co., Inc. 

Shweyder Brothers, Inc. 

Simmonds Precision 

S K F Industries, Inc. 

Snyder Tank Corp. 

Spencer Mfg. Co. 

Sprague Devices, Inc. 

Spray Products Corp. 

S. Sterling Co. 

Stratoflex, Inc. 

Thompson Ramo Wooldridge, Inc. 

The Timken Roller Bearing Co. 

Tyce we 

The Torrington Co. 

Tyrex 

Union Carbide Consumer Products Co. 

United States Stee! Corp. 

Union Carbide Plastics Co. 

Universal Cyclops Steel Co. 

Vickers, Inc. 

Walker Mfg. Co. & DeLuxe Products Corp. 

Waukesha Motor Co. 

Wausau Motor Parts Co. 

The Weatherhead Co., Fort Wayne Division 

Webb Forging Co. 

West Bend Aluminum Co. 

Whitehead Stamping Co. 

Wyman-Gordon Co. 

Zoliner Corp. 





<> 


News about 

CHEMICALLY 

ENGINEERED 
PLASTICS 


Throughout the automotive industry, you'll find modern plastics at 
work. They contribute to the stylish, attractive appearance of car 
interiors. They simplify production. They even help achieve long 
life in the equipment used to make and service cars. The continuing 
development of plastics technology at Dow has provided automotive 
men with many ways to add to the performance and sales appeal 


of their product. 


DOW PLASTICS MEET DEMAND FOR 
PERFORMANGE—AT LOW COST 


Today’s style-conscious, value- 
alert buyers place strong 
demands on a car’s interior. 
Colorful good looks are a must! 
But over and above appear- 
ance, new-car buyers demand 
hard-wearing, abuse-taking 
upholstery that’s easy to clean. 


These many customer require- 
ments are met fully with the 
help of vinyl fabrics made with 
Dow PVC... 

Dow PVC (polyvinyl chloride) 
solves tough fabric problems involving 
both appearance and serviceability for 
seat upholstery, side panels and roof 
liners. With a vast array of colors and 


color combinations possible, fabrics of 
Dow PVC can be supplied in any de- 
sired surface pattern . . . with the extra 
value of texture and feel that spell 
superb quality to the serious buyer and 
casual shopper alike. 

Besides adding eye-appeal, these 
fabrics have excellent aging character- 
istics to assure the lasting value of 
durability. They are cleaned with a 
damp cloth ... with warm water and 


] 
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soap or other mild cleansing agent 
needed only for the most stubborn dirt 
spots. 

Dow supplies PVC resins, with their 
excellent processing characteristics, to 
calenderers of fine interior fabrics that 
help sell cars—make them more enjoy- 
able to own and drive. 

Dow Latex 2582, for the underside 


of automotive fabrics, makes possible 
even the lightest of colors. This, in turn, 
opens the door for high-styled fabric 
patterns with varied weaves, fleck de- 
signs and other creative ideas of auto- 
motive designers. 

In addition, backing formulations 
made with Latex 2582 are highly 
resistant to stains —even copper and 


other metallic dyes—as well as to fading 
and aging. Dow supplies Latex 2582 
both to backing formulators and to 
fabric manufacturers. 

While Dow PVC and Latex 2582 
help provide more colorful, more serv- 
iceable fabrics, other Dow plastics prod- 
ucts help car makers in other ways... 
such as in the examples below. 


SOLVE TOUGH AIR CONDITIONING PROBLEMS WITH STYRON 440 


Air conditioning answer. Styron® 440 
helps automotive engineers design better 
heating and air conditioning system 
parts. This rugged Dow thermoplastic 
cannot absorb or transmit water. Thus, 
no change of dimensions due to mois- 
ture, no deterioration. No distortion 
from the wide range of temperatures 
encountered in automobile operation, 
either. Parts made of Styron 440 keep 
their snug fit throughout their long 


ETHOCEL: 


A “HELMET” FOR 
HEADLIGHT AIMERS! 


The same material that has proved 
its toughness and stamina in helmets 
for pro football players also helps assure 
long life for equipment like this head- 
light For rugged service, its 
cover is made of Ethocel®, which pro- 
vides great toughness and high impact 
strength over wide temperature ranges. 

Besides withstanding severe shock, 
Ethocel resists chemicals, yet provides 
dimensional stability to ensure perfect 
production line assembly of close tol- 
erance parts. Ethocel has the additional 
advantage of an attractive, glossy sur- 
face that’s easy to maintain. 


aimer. 
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service life. 

These parts are lightweight — much 
lighter than materials commonly used 
in such automotive applications. And 
they require no painting for protection 
or appearance’s sake. The color — any 
color—is molded into the material. This 
means no unsightly paint chipping 
wherever parts are on view in the car 
interior. 

Tekes tough treatment. Styron 440 


goes to the head of the class on the 
automotive production line, too. Its 
excellent moldability and fabrication 
characteristics cut manufacturing costs 
neatly. (Very few rejects, for example 
. almost none.) It’s tough enough to 
withstand the knocks and bruises of 
assembly operations. Takes staples, self- 
tapping screws and other joining de- 
vices without a whimper, and keeps 
them in place on the roughest roads. 


For more information, for help in 
putting these materials and many 
other members of the Dow family 
of plastics to work profitably for 
you, call on Dow. We suggest you 
contact the nearest Dow sales office 
or write THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Plastics Sales 
Department 1710EN10. 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 


See “The Dow Hour of Great Mysteries” 
on NBC-TV 








KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion 1s elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time, 


Thermal Stress-Relieving of Alloy Steels 


In the production of alloy steel bars 
and parts made of alloy steel, stresses 
are sometimes set up, and these 
stresses must be relieved before op- 
timum results can be expected. Two 
general types of stress-relieving are 
practiced—thermal and mechanical. 
In this discussion we shall consider 
only the former. 

There are several important rea- 
sons for thermal stress-relieving. 
Among these are the following: 


(1) The first and most fundamental 
purpose is to reduce residual stresses that 
might prove harmful in actual service. In 
the production of quenched and tempered 
alloy steel bars, machine-straightening is 
necessary. This induces residual stresses in 
varying degrees. Bars are usually stress- 
relieved after the straightening operation. 
When the bars are subjected to later proc- 
essing that sets up additional stresses, sub- 
sequent stress-relieving may be necessary. 


(2) A second major purpose of thermal 
stress-relieving is to improve the dimen- 
sional stability of parts requiring close 
tolerances. For example, in rough-machin- 
ing, residual stresses are sometimes intro- 
duced, and these should be relieved if 
dimensional stability is to be assured 
during the finish-machining. 

(3) Thermal stress-relieving is also rec- 
ommended as a means of restoring me- 
chanical properties (especially ductility) 
after certain types of cold-working. More- 
over, it is required by the “‘safe-welding”’ 
grades of alloy steels after a welding 
operation has been completed. 


Alloy bars are commonly stress- 
relieved in furnaces. Temperatures 
under the transformation range are 
employed, and they are usually in 
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the area from 850 deg to 1200 deg F. 
The amount of time required in the 
furnace will vary, being influenced 
by grade of steel, magnitude of 
residual stresses caused by prior 
processing, and mass effect of steel 
being heated. After the bars have 
been removed from the furnace, they 
are allowed to cool in still air to 
room temperature. 

In the case of quenched and tem- 
pered alloy bars, the stress-relieving 
temperature should be about 100 
deg F less than the tempering tem- 
perature. Should the stress-relieving 
temperature exceed the tempering 
temperature, the mechanical prop- 
erties will be altered. 

Items other than bars (parts, for 
example) can be wholly or selec- 
tively stress-relieved. If the furnace 
method is used, the entire piece is 
of course subjected to the heat; 
selective relieving is impossible. 
However, if a liquid salt bath or 
induction heating is used, the piece 
can be given overall relief or selec- 
tive relief, whichever is desired. 

Detailed information about 
stress-relieving is available through 
Bethlehem’s technical staff. And 
remember that we can furnish the 
entire range of AISI standard alloy 
steels, as well as all carbon grades. 





| ments is now available as a compact 
| booklet, “Quick Facts about Alloy 
Steels."’ If you would like a free 
copy, please address your request to 
| Publications Department, Bethlehem 


| This series of alloy steel advertise- 
| 
| Steel Company, Bethlehem, Pa | 





BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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GOLD on BLUE .. 
GOLD on RED .... 
GOLD on WHITE ....... 





Ga gin | 


SP.179 


VALUABLE 
DESIGN 
ASSISTANCE 


1. 16-page catalog with de- 


tailed data, specifications, 
for light, medium, heavy 
duty PTO Joints & Drives 
| 2. Yoke drawings for design 
Ti-latal? Pee LM a 
| 3. Engineering assistance 
Write today, no obligation 


Do you want 


for your Lapel? 


e Distinguishes you 
as an SAE member 


e Is an attractive 
gold-filled clutch- 
back pin 


¢ Costs only $1.50 


plus 

15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


Se eae Member Grade 
_. Associate Grade 
_. Junior Grade 


Order from: 


Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


An SAE Emblem 


‘*% BOOKLETS | 


ENGINEERING; 
KNOW-HOW : | 
ENGINE DESIGN! 


Price: $23 00 to members l 
$43 00 to non-members 


Society of Automotive Engineers | 
485 Lexington Ave., N. Y. 17, N. Y. | 
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Great names~—that made 


scientific filtration possible! 





“If the temperature remains 
constant, the volume of a gas is 
x inversely proportional to the 


Robert Boyle (1627-1691) 


Liquid and gas filtration has been the specialty 
of Air-Maze for the last 35 years. Yet Boyle’s 270 
year old discoveries relating to the compression 
and expansion of air and other gases must be 
recognized and taken into consideration by our 
engineers in designing new equipment to keep 
modern machinery operating efficiently. 

From diesel engines to jet aircraft... from 
lubricating oil filters to industrial pumps, filtra- 
tion products by Air-Maze are keeping equipment 
running better and longer by keeping it clean 
and free of destructive contaminants. 

The representative products shown below were 
designed and developed by Air-Maze engineers to 
solve highly specialized filtration problems. If 
your product involves any gas or liquid that 
moves, Air-Maze engineers can help you. 


Typical of many breather-filters 
available for every vent and 
crankcase. 


Vane type exhaust spark arrester. Meets 
U.S. Forestry Service Specifications. 


OTHER AIR-MAZE PRODUCTS: 
Air Filters * Liquid Filters + Intake 
Silencers + Exhaust Spark Arresters 
Breather Filters * Oil Mist Eliminators 
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A 
AC Spark Plug Div., 


General Motors Corp. 191 
Aetna Ball & Roller Bearing Co. 

Div. Parkersburg-Aetna Corp. 203 
AiResearch Industrial Div. 136 
AiResearch Mfg. Corp. 167 
Air-Maze Corp. 201 
Allegheny Ludlum Steel Corp. 131 
American Brakeblok Div. 

American Brake Shoe Co. 128 
AMP, Incorporated 189 
Automotive Gear Div. 

Eaton Mfg. Co. 175 
Auto Radiator Mfg. Co. 152 
B 
Bearings Company of America 122 

Bendix Corp. 
Eclipse Machine — Fuel Pump . 192 
Eclipse Machine — Starter Drive 151 


Products (General Sales) 24 


Bethlehem Steel Co. 200 
Borg & Beck Div. 
Borg-Warner Corp. 185 
Bower Roller Bearing Div. 
Federal-Mogul-Bower Bearings, 

Inc. 137 
Bundy Tubing Co. 156, 157 
c 

Century Gas Equipment 
Marvel-Schebler Products Div. 
Borg-Warner Corp. 134 

Chicago Screw Co. 

Div. Standard Screw Co. 159 

Continental Aviation & 
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D 
Dana Corp. 169 
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General Motors Corp. 146 

Delco Radio Div. 

General Motors Corp. 170 

Dow Chemical Co. 154, 155, 198, 199 

Dow Corning Corp. 183 


E. I. du Pont de Nemours & Co., (Inc.) 
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Eastman Mfg. Co. 149 
Eaton Mfg. Co. 
Saginaw Div. 133 


Spring Div. ; 16 


Electric Autolite Co. 14, 15 
Electric Wheel Div. 

Firestone Tire & Rubber Co. . 124 
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202 


F 


Fairfield Mfg. Co., Inc 
Federal-Mogul Div., Federal- 
Mogul-Bower Bearings, Inc. 
Firestone Tire & Rubber Co. 
Fram Corp. 
Fuller Mfg. Co. 
Subsidiary Eaton Mfg. Co. 


G 


Garlock Inc. 

General Motors Corp. 

Gillett & Eaton, Inc. 

B. F. Goodrich Aviation Products 

Goodyear Tire & Rubber Co. 
Metal Products 


H 


Hepworth & Grandage, Ltd. 
Holcroft & Company 
Hooker Chemical Corp. 
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International Harvester Co. 
International Nickel Co. 


K 
Kelsey Hayes Co. 


Keuffel & Esser Co. 
Kohler Co. 


L 
Lipe Rollway Corp. 


M 
McQuay-Norris Mfg. Co. 


116, 117, 118, 


Marvel-Schebler Products Div. 
Borg-Warner Corp. 
Mather Spring Co. 
Mechanics Universal Joint Div. 
Borg-Warner Corp. 
Midland-Ross Corp. 
Molded Fiber Glass Body Co. 
Monroe Auto Equipment Co. 
Morse Chain Co. 
Div. Borg-Warner Corp. 
“A Borg-Warner Industry” 
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National Seal Div., Federal- 

Mogul-Bower Bearings, Inc. .. 
Neapco Products, Inc. .......... 
New Departure Div. 
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Stolper Industries, Inc. 


T 
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U 
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Vv 
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w 
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aX BEARINGS 





Aetna Packaged Bearing Units 
REDUCE COSTS... 


STEP UP PRODUCTION 


Low-cost Aetna packaged bearing units simplify modern 
assembly line production. Designed as complete, integral, 
prelubricated units, these bearings greatly reduce over-all 
assembly costs and assembly time, and minimize stock 
handling. Individual units are simple in design, incorporat- 
ing a single row of radial ball bearings with extra large 


lubricant capacity and a highly efficient seal. For all light- 
duty, medium speed applications, they assure dependable 
product performance free from troublesome servicing. 

For complete information, call your Aetna representative 
listed in your telephone directory, or write for Prelubricated 
Bearing Catalog AG-59. 


AETNA BALL AND ROLLER BEARING COMPANY | 4600 SCHUBERT AVE. 


DIVISION OF PARKERSBURG-AETNA CORPORATION 


SAE JOURNAL, OCTOBER, 1960 


CHICAGO 339, ILL. 
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Tbe 
Performance 
Superiority at 
Economical Cost 


@,_ ENGINEERING ABVANTAGES OF ZOLLNER “CONTINUOUS PERMA-GROOVE” 


FRONT 
ee ae) 


V. ee ed—no bimetal e expansio on pr robleni- oe “lle 40% alum m bearing area ex aa for heat. 
' 2. Dovetailed edges keep insert securely in place. conducti vity ‘and cool operation 
3. 100% steel bearing area for wear resistance. 5. Li ght i in weight. 
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EASY UP 


EASY DOWN 


With the right woven 


Moving this window up or down strains neither 
muscle nor motor. 

This is a significant accomplishment, considering 
the glass variances in today’s automobile windows 
How does Schlegel pile liner make the job so effort- 
less—yet still effectively seal out the elements and 
eliminate window noise? 

The answer is yours. You select the glass run 
channel and specify Schlegel woven pile liner. We 
furnish the channel manufacturer with pile fabric of 
the correct specifications. 

Our work doesn’t end there. We give you a quality 
pile which will retain its wear-resistance for years 
and years to come. 

To you (and your car-buyer), Schlegel woven pile 
liner means easier window movement, rattle-free 
windows and better sealing qualities. It hugs the 
glass surface evenly, flexing against wavy surfaces 
to hold a constant seal. 

If that sounds good enough to make you want the 
best, be sure your next glass run channel utilizes 
Schlegel woven pile liner. You'll be in good company. 
Automotive engineers have been specifying Schlegel 


pile liner since glass windows were first used in cars. 





pile from Schlegel 





Glass moves friction-free, wet or dry, in this glass run channel 
with Schlegel woven pile 


Schlegel 


SERVING THE AUTOMOTIVE INDUSTRY 
SCHLEGEL MANUFACTURING COMPANY 


1555 Jefferson Rd., Rochester 23, N.Y. 
In Canada: Oakville, Ontario 








No peas... 





... can be more alike than your forged parts when you make 
them from Timken® steel forging bars. That’s because 
of the uniform quality of Timken steel—uniformity in 
structure, chemistry and dimension. And that holds from 
heat to heat, bar to bar, order to order. 


Even more advantageous for you, we handle orders 
individually. That way, we can target our procedures to 
your end-use requirements. You don’t have to make costly 
interruptions in your operations for adjustment of equip- 
ment. 


One big reason we can assure you such fine steel quality 
is our new Metallurgical Research Center. Here we use 
the most modern facilities—some unique in the industry 
—to study and analyze new steel compositions, solve 
customer problems. 


When you buy Timken steel you get: 1) Quality that's 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 
years experience in solving tough steel problems. 


For the greatest return from your modern forging opera- 
tions, specify Timken steel forging bars. The Timken 
Roller Bearing Company, Steel and Tube Division, Canton 
6, Ohio. Cable: “TIMROSCO”’. Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Removable Rock Bits. 








iner since giass windows were Ss S in Cars. In Canada: Oakville, Ontario 





